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INTRODUCTION. 
FIELD WORK AND ACKNOWLEDGMENTS. 


The purpose of this report is to set forth the results of cer- 
tain geological and palaeontological investigations of the Terti- 
ary formations of Western Washington, carried on by the writer 
from 1907 to 1914. An attempt has been made to subdivide the 
Tertiary deposits upon a stratigraphical and palaeontological 
basis and in a preliminary manner to determine their areal dis- 
tribution. A study has been made of the strata entering into 
each formation, the conditions under which they were deposited, 
the character of the fauna contained therein, and the structual 
conditions under which they appear. Geological maps accom- 
pany this report, upon which the larger part of the data has 
been assembled. 

The area embraced in this report extends from the western 
foothills of the Cascade Mountains westerly to the Pacific Ocean 
and from Columbia River northward to the Strait of Juan de 
Fuca. The central portion of the Olympic Peninsula is excluded 
since only a hasty reconnoissance of this region has been made. 
Large portions of Western Washington have been examined in 
only a preliminary manner but other portions have been studied 
in minute detail. Survey traverses have been carried from 
Grays Harbor northward along the ocean shoreline to Cape 
Flattery and from that point easterly along the Strait to 

-Dungeness River. Similar traverses have been made along all 
the more important streams where there were sufficient rock ex- 
posures to warrant such. Observations on the strike and dip of 
the sedimentary rocks were taken wherever possible and these 
were difinitely tied into stations on the lines of traverse. De- 
tailed measurements were made in feet of each stratum exposed 
for the purpose of constructing stratigraphic sections. 

Wherever possible collections of fossils were made and their 
exact localities tied into traverse survey lines. An effort was 
made to record the position of each individual stratum from 
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which fossils were taken and refer each to some point on the line 
of traverse. 

One large areal geological map of the western part of the 
state has been constructed on the scale of one inch to seven and 
one-half miles. Upon this the geographical distribution of the 
several formations involved have been represented by colors. In 
those places where the contact between formations can be defi- 
nitely determined, the positions of the contact lines, as drawn on 
the map, are correct. In the intervening areas where the con- 
tact relations are obscure or entirely concealed, the contact 
lines have been drawn from the best evidence obtainable. In 
those regions where the pre-Pleistocene formations are con- 
cealed beneath a great thickness of glacial deposits, the surface 
geology has been designated as Pleistocene. However, where 
occasional outcrops of older formations project through the 
drift so as to indicate the probable age of the underlying forma- 
tion, the pre-Pleistocene formations have been given the prefer- 
ence in mapping. 

The area involved in southwestern Washington, from the 
south flanks of the Olympic Mountains to the Columbia, was 
mapped on a scale of one-half inch to the mile. A belt bordering 
the Olympic Peninsula from Grays Harbor northward around 
Cape Flattery and easterly to Port Angeles has been mapped 
on a similar scale. Another map has been constructed on the 
scale of one inch to the mile, extending west to east from Kitsap 
County across Seattle to the foothills of the Cascades. Upon 
this have been located all observations taken upon strike and 
dip, as well as contact lines between formations. The probable 
positions of all anticlines and synclines, where they can be de- 
termined, have been inserted. Where the contacts are definite 
they are represented by continuous lines; where only proximate, 
by broken lines. 

Altogether about twenty months were spent in the field in 
areal mapping. The remaining time at odd intervals has been 
devoted to office work in preparing the maps and report. The 
writer has been assisted in the field work by Messrs. Charles R. 
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Fettke, Donald Ross, Olaf Stromme and T. A. Bonser in 1911, 
and by Charles Landes in 1913. ane 

The collections of fossils have been identified and may be 
found in the Palaeontology collections of the University of 
Washington. 


HISTORICAL REVIEW 


The earliest records concerning the Tertiary formations of 
western Washington are to be found in the reports of the Wilkes 
Exploring Expedition, published in the year 1849. Examina- 
tions were made of the Tertiary formations along Columbia 
River by James D. Dana. Other members of his party examined 
the small valleys entering the Columbia from the north side, in- 
cluding the Cowlitz. Records were made of the occurrence of 
Tertiary strata along the shores of Puget Sound and in the 
vicinity of Bellingham. Collections of fossils were made at the 
town of Astoria. These were determined and described by 'T. A. 
Conrad, who recognized in them a very close relationship to the 
Miocene faunas of Maryland and Virginia. 

After the appearance of this report very little was written 
concerning the geology or palacontology of this region until 
1867, when W. P. Blake published several articles on the coal 
formations of Washington Territory. In 1870 Dr. Robert 
Brown in a paper on the coal fields of the north Pacific coast 
describes coal deposits as appearing at Clallam Bay, Belling- 
ham Bay, Cowlitz Valley, Issaquah, and Stillaguamish River. 
He regarded these as being of Tertiary age and also recognized 
the existence of Pleistocene lignite seams in the sea-cliffs of 
Puget Sound. 

From 1870 to 1888 numerous short papers appeared refer- 
ring to the geological conditions in the Cascade Mountains and 
along Columbia River, but are confined chiefly to a description 
of the basaltic lavas. In 1888 a report appeared by C. A. White 
on the Puget Group of Washington Territory, which was in- 
tended to include the coal bearing formation of King, Pierce 
and Whatcom counties. Collections of the brackish water 


fauna were made from the vicinity of Newcastle and Carbonado. 
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This formation was thought to bear a close relation to the 
Laramie. <A collection of marine invertebrate fossils was made 
and reported as occurring in bluffs along the shores of Du- 
wamish Valley. A list of these was given and they were referred 
to the Tejon horizon of the Eocene. 

In 1892, in the Correlation Papers on the Eocene and Neo- 
cene of the United States, by Wm. B. Clark, W. H. Dall and 
G. D. Harris, reference was made to the Tertiary horizons of 
western Washington. The coal bearing horizon of the Puget 
Group was placed in the Eocene. It was suggested however 
that it might be in part of Cretaceous age. Miocene deposits 
were recognized as the equivalent of those at Astoria. 

In 1906, reports in considerable detail were published by 
Bailey Willis on the Tertiary coal fields of King, Pierce and 
Whatcom counties. Detailed areal geologic mapping was be- 
-gun and the structure of the formations in part worked out. 
Mr. Willis recognized the Puget Group as of Eocene age based 
on palaeobotanical determinations made by F. H. Knowlton. 
The Puget Group was described as having been deposited un- 
der estuarine conditions and to possess a thickness of over 12,- 
000 feet. Marine Miocene deposits were referred to as resting 
unconformably upon the Eocene. In 1897 a report was pub- 
lished by J. P. Kimball on the physiographic geology of Puget 
Sound Basin. The larger part of this paper was devoted to a 
description of the glacial deposits; several localities were refer- 
red to where Eocene and Miocene outcrops were examined. In 
1898 the voleanic rocks upon and around Mt. Rainier were de- 
scribed by George Otis Smith. 

The older Mesozoic and Palaeozoic rocks of the western 
slope of the northern Cascades were described in a preliminary 
manner by I. C. Russell. These formations are of interest be- 
cause they form the basement complex upon which the Tertiary 
strata rest. 

In 1901 and 1902 the State Geological Survey of Washing- 
ton was organized and field work was carried on for two years. 


The coal bearing horizons of the western part of the state were 
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described and their approximate areal extent represented upon 
a geological map. The distribution of’ all formations in the 
western part of the state as they were known at that time were 
shown upon this map. 

A geological reconnoissance around the coast of the Olympic 
peninsula was made by Ralph Arnold in 1904. The results were 
published in 1906, in which he recognized the existence of an 
old series of partly metamorphosed sediments constituting the 
interior of the Olympic Mountains and the presence of Eocene, 
Oligocene and Miocene formations around its border. The 
Oligocene-Miocene strata were not differentiated and were re- 
ferred to as the Clallam formation. On the Pacific coast of the 
Olympic peninsula certain fossiliferous deposits were noted on 
the Bogachiel and farther south at the mouth of the Queniult 
River. He regarded these as of upper Miocene or Pliocene age. 

In the same year a paper appeared by the same author on 
the Pectens of the Pacific Coast, in which several new species 
were described from Washington. Reference was made to sev- 
eral fossiliferous deposits in Cowlitz and Chehalis valleys, as 
well as along the Strait of Juan de Fuca and in Puget Sound 
Basin across from Seattle. Later in 1909 Dr. Arnold published 
a paper on the environment of the Tertiary faunas of the Pa- 
cific Coast of the United States, in which the several Tertiary 
horizons of Washington were correlated with those in Oregon 
and California. Eocene, Oligocene, Miocene and Pliocene forma- 
tions were recognized. In the same year Albert B. Reagan de- 
scribed the geologic formations in the vicinity of Bogachiel and 
Soleduck rivers and listed collections of fossils made there and 
along the Strait of Juan de Fuca. A considerable number of 
new species were placed on record. 

In 1911 a paper published by W. H. Dall on the Miocene of 
Astoria and Coos Bay described several new species of marine 
invertebrates from Washington and a list of the fossils asso- 
ciated with them. These records are of great assistance in com- 
paring the faunal zones of Washington with those of Oregon. 
During 1912 a paper appeared by Charles H. Clapp on the 
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geology of the southern end of Vancouver Island in which the 
geology of the Miocene deposits on the north shore of the 
Strait of Juan de Fuca were described. 

In 1912 a paper was issued by the writer on the Tertiary 
Palaeontology of Western Washington, in which a considerable 
number of new species were described and figured. The geolog- 
ical horizons of the Tertiary, as recognized at that time, were 
given as well as a list of the characteristic fauna. 

In 1912 a paper was issued by Arnold and Hannibal on the 
stratigraphy of the Tertiary formations of the Pacific North- 
west. The formations of Oregon and Washington were corre- 
lated with one another and a new classification of the Tertiary 
horizons was set forth. 


BIBLIOGRAPHY. 


In the following list of references to the literature concern- 
ing the geology and palacontology of western Washington only 
those papers have been quoted which have contributed some di- 
rect information concerning the Tertiary rocks. Numerous pa- 
pers are in existence which refer to the topographical features 
or economic products of this part of the state, but which add 
no facts to Tertiary geology problems. The following refer- 
ences are regarded as important in a historical review of previ- 
ous literature: 


1845. Wilkes, Charles. Narrative of the United States Exploring Ex- 
pedition. Vol. 4, pp. 318, 415, 424. 


The only notes referring to westeern Washington geology 


b 


are the ‘“‘trap dikes” encountered on Cowlitz River and the ba- 


saltic flows on the banks of the Columbia. 


1845. Greenhow, Robert. Geography of Oregon and Washington. 
This work deals chiefly with the historical development and 

colonization of Oregon and Washington. <A description is given 

of the geography of the western part of Washington as known 


at that time. 
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1849. Dana, James D. Notes on the geology of Washington Territory. 
Wilkes Exploring Expedition, volume X,, pp. 616-623, 626-628, 
658. 


In this report a description is given of some of the geological 
features of Washington which was then a part of Oregon Terri- 
tory. Basalt was observed as occurring in places along both 
sides of Columbia River. Tertiary sedimentaries are described 
at Astoria and across on the Washington side of the Columbia 
and are said to have a thickness of 1000 to 1200 feet. Similar 
strata are mentioned in Cowlitz River valley and along the 
shores of Puget Sound. Collections of fossils made by Dana 
have been described and figured by T. A. Conrad. Mr. Conrad’s 
conclusions concerning the Miocene age of these faunas may 


well be quoted here: 


“From the investigation of the fossils previously received 
from Mr. Townsend, I had arrived at the conclusion that they 
were of the geological era of the Miocene, and the specimens 
you sent confirm the opinion. I do not recognize, it is true, any 
recent species of the coast of California or elsewhere, but neither 
is there any shell of the Eocene period, nor has the group any 
resemblance to that of the Eocene. On the contrary, the forms 
are decidedly approximate to those of the Miocene period which 
occur in Great Britain and the United States. Nucula divari- 
cata, for instance, closely resembles N. cobboldiae (Sowerby) 
of the English Miocene, and Lucina acutilineata can scarcely be 
distinguished from L. contracta (Say), a recent species of the 
Atlantic coast and fossil in the Miocene beds of Virginia. Natica 
heros, a shell of similar range, is quite as nearly related to the 
N. sawea. A similar number of species might be obtained from 
some of the Miocene localities of Maryland or Virginia and yet 
no recent species be observed among them. In the Eocene, and 
also in the Miocene strata, there are peculiar forms which ob- 
tain in Europe and America, and although the species differ, yet 
they are so nearly allied that this character alone, independent 
of the percentage of extinct forms, is quite a safe guide to the 
relative ages of remote fossiliferous rocks. On this foundation, 
I speak with confidence when I assign the fossils of the Columbia 
River to the era of the Miocene.” 
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Gibbs, George. A reconnaissance of the country lying upon Shoalwater 
Bay and Puget Sound; upon the geology of the central portion 
of Washington Territory —Pacific Railroad Reports, volume 1, 
pp. 465-486. 

A general reconnaissance report on the geography of the 
region. Trachyte rocks are referred to as occurring about Mt. 
Rainier and St. Helens and gravels and sands in the Puget 
Sound region. 


1856. Blake, William P. Review of a portion of the geological map of 
the United States and British Provinces.—American Journal of 
Science, second series, volume 22, pp. 383-388. 

Reference is made to the fact that on Marcou’s geological 
map of the United States the coal fields of Puget Sound are rep- 
resented as upper Carboniferous. Mr. Blake states that “all 
the evidence that can be produced concerning the age of these 
deposits shows them to be Tertiary.” 

1857. Newberry, J. S. Coal of Bellingham Bay.—Pacific Railroad Re- 


a 


ports, volume 6, part 2, pp. 53-68. 

A section measured in the Bellingham Bay region gave “2000 
feet of shales, sandstones and coal of which the coal presents the 
enormous aggregate of 110 feet.” The strata of Bellingham 
Bay are believed to be of Miocene age and closely related to the 
shales of the Columbia and Coos Bay. Mention is made of the 
occurrence of fossil plants. 


1857. Meek, F. B. On Cretaceous fossils from Vancouver and Sucia 
Islands.—Transactions, Albany Institute, volume 4, pp. 37-39. 


1858. Shumard, B. F. Description of new fossils from the Tertiary 
formations of Oregon and Washington territories and the 
cretaceous of Vancouver Island. Transactions of the St. Louis 
Academy of Science, volume 1, pp. 120-125. 


1859. Lesquereux, Leo. Species of fossil plants from Bellingham Bay, 
etc.—American Journal of Science, second series, volume 27, 

pp. 360-363. 
This article describes several species of fossil plants collected 
by Dr. John Evans at Nanaimo and at Bellingham Bay. Those 
at the latter place are from the coal measures and are regarded 


as of Tertiary age. 
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1859. Heer, Oswald. Fossil plants of Vancouver and Bellingham Bay. 
—American Journal of Science, second series, volume 28, pp. 
85-89. 

Certain species of fossil leaves from the Tertiary strata at 
Bellingham Bay have a very close relationship to species of the 
same geological horizon in Europe. 

1861. Meek, F. B. Descriptions of new Cretaceous fossils from Van- 


couver and Sucia islands.—Proceedings Academy of Natural 
Science, Philadelphia, volume 13, pp. 314-318. 


1868. Newberry, J. S. Description of fossil plants from Orcas Island, 
Bellingham Bay, ete.—Boston Journal of Natural History, vol- 
ume 7, pp. 506-524. 


1867. Blake, William P. Notes on the brown coal formation of Wash- 
ington Territory and Oregon.—California Academy of Science, 
Proceedings, volume 3, p. 347. 


A brief description of the coal measures at Bellingham Bay. 
They are said to dip at an angle of 70° and strike East 15° 
North, and to have a thickness of about two thousand feet. He 
reports ten workable coal seams interstratified with six or seven 
heavy beds of sandstones and numerous strata of bituminous 
shale, slate, clay, ironstone, and thin beds of sandstone. Two 
well preserved shells of the genus Pecten are said to have been 
collected. Reference is made to the occurrence of coal on the 
banks of the Cowlitz River. 


1870. Brown, Dr. Robert. Glacial scratches near Bellingham Bay, 
Washington.—American Journal of Science, volume 50, p. 323. 


Reference is made to the presence of fluting and grooving 
as evidences of glacial action at Schome near Bellingham Bay. 
1871. King, Clarence. On the discovery of actual glaciers on the 

mountains of the Pacific slope—American Journal of Science, 
volume 101, pp. 157-167. 

Describes the general character of the glaciers on Mt. Rai- 
nier and states that they are the principal source of the following 
rivers, viz., Cowlitz, Nisqually, Puyallup and White. 

1876. Meek, F. B. Descriptions and illustrations of fossils from Van- 
couver and Sucia islands, and other northwestern localities — 


Bulletin United States Geological Survey, Territories, volume 
9 eKt on 
4, pp 351-37: 4 
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1870. Brown, Dr. Robert. On the geographical distribution and physi- 
cal characteristics of the coal fields of the North Pacific Coast. 
Transactions Edinburgh Geological Society, volume 1, part 3, 
pp. 805-325. 

1879. Donald, J. T. Elephant remains of southwestern part of Wash- 


ington Territory.—American Journal of Science, volume 118, 
Dao 


1880. Willis, Bailey. Report on the coal fields of Washington Terri- 
tory.—Tenth Census of the United States, volume XV, pp. 759- 
fitLs 

The coal bearing strata are described as extending up the 
Cowlitz valley into Puget Sound and as far as the foothills of 
the Olympic Mountains around the north border to Cape Flat- 
tery. Those of the Puget Sound region are referred to as the 
**Laramie.” 

“The coal measures of the Puget Sound basin consist of 
alternating beds of yellow and gray fine-grained sandstones 
and very fine gray arenacecous shales interstratified with many 
beds of carbonaceous shale and coal; the individual strata of 
sandstone and shale, from 20 to 200 feet thick, maintain the 
same general character wherever observed, and no well-defined 
horizon has been found which might serve as an index to corre- 
late the widely-separated exposures. Leaf impressions occur in 
both shales and sandstones associated with unios. 

“The best sections are those obtained in the Wilkeson and 
Green River fields, and described in detail in their proper con- 
nection, though even they are incomplete; of these one gives a 
minimum of 13,200 feet, with a probable maximum of 14,500 
feet ; a second, still less complete, measures 7,700 feet; and the 
third, on Green River, lies between 6,200 and 8,200 feet; and 
these sections do not in either case reach the limits of the coal 
measures, as the base of each is an anticlinal axis and the top 
the highest exposure, geologically speaking, beneath the vol- 
canic flows or drift-beds. Such figures challenge confirmation, 
but they are the result of accurate surveys and careful observa- 
tion, and are only invalidated by the possibility of undiscovered 
faults, of which the sections have yielded no proof under close 
examination. 

“The fossils indicate the maintenance of fresh and brackish 
water conditions through this long period of deposition, imply- 
ing that the general rate of this profound subsidence was the 
same as that of accumulation of sediments.” 
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1881. Brockett, L. P. Our Western Empire.—San Francisco, pp. 1189- 
1213. : : 

The following statement is made concerning the geology of 
Washington : 

“The shores of the Pacific, the lower valley of the Columbia, 
and the great valley drained by Puget Sound, are Tertiary and 
Quaternary ; the islands west of the Canal de Haro in the Gulf 
of Georgia are Cretaceous; the vicinity of Bellingham Bay is 
Carboniferous ; the Coast Range is Eozoic; the Cascade Moun- 
tains to about 47° 40’ and the Great Plains of the Columbia 
River in central and eastern Washington, south of the Spokane 
River, are volcanic.” 


1888. White, C. A. On the Puget Group of Washington Territory.— 
American Journal of Science, third series, volume 36, pp. 443- 
450. 

This paper deals with a collection of fossil mollusea from the 
Puget Group of Washington made by Prof. J. S. Newberry. 
The species are of brackish water origin. Two species were 
thought to be closely related to the Laramie of the Rocky 
Mountain region. Several other genera were not known to oc- 
cur at any other place in North America. Mention is made of 
strata containing a Tejon fauna in the Duwamish valley. These 
strata were correlated with the upper portion of the Puget 
Group. The strata of the Puget Group were considered to have 
been deposited in estuaries. 

1889. White, C. A. On invertebrate fossils from the Pacific Coast.— 
United States Geological Survey, Bulletin No. 51. 

In this report reference is made to a collection of fossils 
said to come from “Fossil Bluff, Duwamish River.” The region 
referred to is probably in the vicinity of Duwamish Station. 
The following is a list of the species collected: “Cylichna costata 
Gabb, Conus hornti Gabb, Lunatia nuciformis Gabb, Leda pro- 
texta Gabb, Euspira alveata Gabb, Fusus diaboli Gabb, Tur- 
ritella uvasana Gabb, Tellina sp.’ The formation in this par- 
ticular region was regarded as the “Tejon portion of the Chico- 
Tejon Series.” The sedimentaries in King and Pierce counties 


were regarded as of estuarine origin. The brackish water fos- 
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sils occurring in those strata were described. To a certain ex- 
tent they have a close similarity to the Laramie. There are 
many forms, however, which have never been observed in the 
Laramie and which are peculiar to the Puget Group. The term 
“Puget Group” is here applied to this brackish water deposit. 


1891. Clark, Wm. B. Correlation Papers: Eocene.—United States 
Geological Survey, Bulletin No. 83, pp. 100-110. 
An historical review is given concerning the literature on 
the Puget Group in Washington. It is suggested that the 
Puget Group may be in part Cretaceous and in part Eocene. 


1891. White, C. A. Correlation Papers: The Cretaceous. — United 
States Geological Survey, Bulletin No. 82. 

The upper Cretaceous or Chico formation is the coal bearing 

formation on the north of Vancouver Island. The same forma- 

tion is known to appear in the San Juan Islands in the State of 


Washington. 


1892. Dall, Wm. H. and Harris, G. D. Correlation Papers: Neocene.— 
United States Geological Survey, Bulletin 84, p. 228. 

At the time this report was written very little was known 
concerning the occurrence of marine Miocene deposits within 
the state. It is stated (p. 228) “Siliceous casts of molluscan 
fossils have been collected at various points on Shoalwater Bay, 
which show a synchronism of the deposits in which they are 
found with both the Eocene and the Miocene clay shales of 
Astoria. The Astoria bed outcrops at Bruceport and elsewhere. 
“A Pliocene deposit has been observed by Dr. Condon in this 
vicinity which, from its most characteristic fossil may be called 
the Mytillus bed. It furnished specimens of Bucciniwm cyaneum, 
Mytillus condoni, Crepidula, Pecten, and Panopaea; this is 
overlain by a Pleistocene formation, the level of which is from 
30 to 40 feet above the sea.” On page 271, marine Pliocene is 
referred to as occurring at Shoalwater Bay, 35 feet above sea 


level. The fossils exhibit a boreal facies. 
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1893. Corey, T. B. The coal fields of western Washington.—Journal 

Illinois Mining Institute, May, 1893, volume 11, No. 1, pp. 14-80. 

This paper describes briefly some of the coal seams in What- 

com, Skagit, King, Pierce and Chehalis counties. A number of 
geologic cross sections are inserted. 


1893. Diller, J. S. Notes on palaeontology referring to Washington.— 
Bulletin Geological Society of America, volume 4, p. 217. 


A well preserved specimen determined by Mr. Stanton to be 
Baculites was given to Mr. Diller by Mr. W. P. Guye. It is said 
to have come from Snoqualmie River, three miles below the falls. 
Mr. Diller states: “It shows the presence of the Chico at that 
point. The rock is unaltered and lies between the Puget Group 


> Careful areal geological studies have 


and the metamorphics.’ 

been made in that region and no strata have been found which 

could be assigned to the Cretaceous. It was undoubtedly de- 

rived as a fragment from the glacial drift which in that region 

heavily veneers the country. 

1894. Diller, J. S. Tertiary revolution in the topography of the Pa- 
cific Coast—Eighth Annual Report, United States Geological 
Survey. (Powell), part 2, pp. 401-434, 8 plates, 4 figures. 


1895. Diller, J. S. A geological reconnaissance in Northwestern Ore- 
gon.—United States Geological Survey, 17th Annual Report, 
part 1, pp. 441-520. 

The paper discusses the geology of northwestern Oregon. 
Notes are given concerning the geology on the north shore of 
Columbia River across from Astoria. Reference is made to the 
occurrence of the very lowest Oligocene strata at Knappton on 
the Washington side of Columbia River. The raised beach at 
Ilwaco in Washington is described. A drawing is added to il- 
lustrate the unconformity between the older Oligocene and the 
overlying Pleistocene. He states: 

“At Ilwaco, on the north bank of the Columbia near its 
mouth, is an exposure of which a sketch is shown in figure 8. 
The upturned edges of the Astoria shales make the mass of the 
hill, and these shales are unconformably overlain about 30 feet 
above sea level by a series of gravel, sand, and clay layers 14 
feet thick. The material in these layers is incoherent and con- 
tains occasional fresh fragments of shells belonging to species 
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yet living on the coast. Near the middle of the deposit is a dark 
seam of vegetal matter, and the character of the stratification 
is such as to indicate that the deposit is waterlaid and not of 
eolian origin. 

“At the base of the hill the upturned edges of the shales have 
been cut off to an even surface by the waves, and this wave-cut 
terrace extends more than 100 yards toward the river. The top 
of the shales, in the hill immediately beneath the Pleistocene 
layer is planed off in the same way, and it is evident that when 
this was accomplished the shale in the hill top was then at the 
sea level and the waves rolled over it as they now roll over the 
lower wave-cut terrace to reach the beach. 

“The Pleistocene capping of the hill was laid down when the 
ancient wave-cut terrace was below the sea level deep enough 
to receive the deposits we now find there. Since then, of course, 
it has been raised to its present elevation by a general, perhaps 
more or less unequal, uplifting of the land along the coast.’ 


Mr. Diller’s views concerning the Pleistocene history of 
Northwestern Oregon are of particular interest insomuch as it 
must apply in part at least to Southwestern Washington. Ex- 
tensive nearly horizontally bedded sands and clays rest uncon- 
formably upon older strata up to elevations above 600 feet. 
Remnants of peneplains are recognized up to elevations of 2000 
feet, indicating that all of Northwestern Oregon has been sub- 
merged perhaps that amount. A great sound is thought to have 
existed, perhaps similar to Puget Sound. Afterwards the 
region was again uplifted to an elevation somewhat higher than 
at present. The most recent movement was a subsidence suffi- 
cient to partially drown the lower Columbia and Willamette 
river valleys, allowing the tide to extend up a considerable dis- 
tance above their mouths. 

1896. Gilman, S. C. Olympic country. National Geographic Magazine. 
volume 7, pp. 133-141. 

The paper deals primarily with explorations carried on in 
the Olympics. The general topographic features are described 
and reference is made to the occurrence of sandstones and 
shales in the bluffs at the mouth of Queniult River. A map of 


the Olympic Peninsula accompanies the report. 
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1896. Stanton, Timothy William. Contributions to the Cretaceous 
paleontology of the Pacific Coast: ‘the fauna of the Knoxville 
beds.—United States Geological Survey, Bulletin 133, 132 pages, 
20 plates. 


The following reference is made concerning the occurrence 
of Knoxville strata in the State of Washington: “The presence 
of Knoxville beds in Washington is inferred from the occur- 
rence of boulders containing Aucella crassicollis near Seattle 
and Tacoma and also from the fact that Awcella beds are well 


developed in British Columbia immediately north of Washing- 


b) 


ton.” The facts are that these boulders are of glacial origin 


and may have been brought down from British Columbia by 


glaciers. 


1896. Willis, Bailey. Geology of the Cascade Mountains.—Johns Hop- 
kins University Circular, volume 15, p. 90. 


Mr. Willis states: 


“In the Cretaceous period Puget Sound and adjacent 
areas of Washington and Oregon of indeterminable extent 
were beneath a sea in which limestone was the principal 
formation. It is probable that toward the north or northeast 
in northern Washington and British Columbia, there was a low 
land area consisting largely of granitic and metamorphosed 
crystalline rocks. There gradually ensued a change by which 
Puget Sound and the area where the southern Cascades now ex- 
tend from the 48th parallel southward through Oregon became 
an extensive estuary, in whose waters deposits of sand and mud 
were laid down, and around whose changing shores there were 
many marshy lagoons in which a rank vegetation flourished. 
The conditions of estuarine deposition, which perhaps can be 
best exemplified by pointing to our southern Atlantie coast, en- 
dured throughout Eocene and Miocene times, and we know that 
in the Miocene the climate was tropical and the place of the 
Cascade Range was a swampy lowland near sea level. The 
thickness of sandstones, shales, and coal beds of the Puget 
Group is 7,000 to 12,000 feet or more.” 


1897. Dall, W. H. A table of the North American Tertiary horizons 
correlated with one another and with those of western Europe, 
with annotations.—United States Geological Survey, 18th An- 
nual Report, Part 2, pp. 323-349. 

In this paper the various Tertiary formations on the Pacific 


coast are briefly described and correlated with one another. He 
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states concerning the Puget Group of Washington: “The con- 
ditions continued through the Eocene and possibly into Miocene 
time. If so, the Puget Group may eventually be differentiated 
into several members.” 


1897. Kimball, James P. Physiographic geology of the Puget Sound 
basin——American Geologist, volume 19, pp. 225-237, 304-322, 
plates 12 and 19. 


-In this paper numerous outerops of pre-Pleistocene strata 
occurring at various points in the Puget Sound basin are de- 


scribed. 


1897. Smith, George Otis. Rocks of Mount Rainier.—United States 
Geological Survey, 18th Annual Report, part 2, pp. 416-423. 


Mr. Smith states: 

“The voleanic rocks of Mount Rainier include both lavas 
and pyroclastics. The breccias, agglomerates, and tuffs, al- 
though of striking appearance, are, perhaps, less important 
elements in the construction of the composite cone. 

“The lavas vary much in color and texture, but these mega- 
scopic differences are referable rather to the degree of crystal- 
lization of the magma than to its chemical character. The 
variation in the chemical composition of the lavas expresses 
itself in mineralogical differences, and thus four rock types are 
distinguished—hypersthene-andesite, pyroxene-andesite, augite- 
andesite, and basalt. The distribution of these types indicates 
a radial arrangement of lava streams, and hypersthene-andes- 
ite is the more abundant variety of lava. 

“Granite is exposed on the slopes of Rainier where erosion 
has cut away the overlying lava, and it is plain that the voleanic 
cone rests upon an clevated platform of older rock, approxi- 
mately 8,000 feet above sea level.” 


1897. Willis, Bailey. Glaciation in the Puget Sound region —Ameri- 
can Geologist, volume 19, pp. 144-145. 


1897. Willis, Bailey. Stratigraphy and structure of the Puget group.— 
Bulletin Geological Society of America, volume 9, pp. 2-6. 


Abstract of a paper presented to the Society August 10, 
1897. A description is given of the coal bearing formations in 
King and Pierce counties. He states: They are prevailingly 
sandstones of variable composition, texture and color, thinly 
interbedded, and a typical arkose consisting of slightly washed 
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granitic minerals, to siliceous clays. Beds of concentrated 
quartz sands or conglomerates have not been observed. Car- 
bonaceous materials are generally present as fragments of 
plants, as vegetal ooze in greater or less proportion to the 
other constituents and as distinct coal beds. In color they are, 
when fresh, generally bluish gray, shading to brownish black. 
They weather to buff tints, which are usually dull. Most promi- 
nent among the rocks associated with the Puget Group are 
eruptives of Tertiary or later age. They occur as dikes and 
flows in various forms of intruded and extruded igneous rocks. 
The measured sections of the Puget series exhibit total thick- 
nesses of 5,800 feet on Green River, 5,500 feet on South Prairie 
Creek, and 5,480 feet in Carbon River canyon. None of these 
measures are complete. In each instance the lowest stratum is 
of the Eocene outcropping on an anticline and the highest is 
the limit of exposure where the rocks pass under later forma- 
tions. The strata of the Puget Series were deposited upon the 
slowly subsiding bottom of the geosyncline between the axes of 
the present Cascade and Olympic ranges. As strata of similar 
composition and age are involved in the mass of the Cascade 
Range, and probably also of the Olympics, the uplift of these 
mountains was to a greater or lesser extent accomplished after 
the Puget Epoch.” These strata have been folded. In general 
the axes of these folds trend north and south parallel to the 
axis of the antecedent geosyncline, but there are evidences in 
local structures which show that the forces of compression were 


exerted also at right angles to the greater pressure. 


1898. Lawson, Andrew C. Note on the Chehalis sandstone. American 
Geologist, volume 13, pp. 436-437. 

Note is made of some fossil bearing sandstones in the hill at 
Chehalis, Washington. The rock “is a sandstone of variable 
character. For the most part it is soft and friable. It is gen- 
erally clayey and its color varies from bluish gray to yellowish, 
according to the stage of oxidation.” Fossils collected were de- 
termined by Mr. T. W. Stanton as Solen, Leda, Tellina, Venus, 
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Fusus, Dentalium and others. They are of marine origin and 
the strata were considered to be of “Eocene or Miocene age.” 


1898. Merriam, J. C. Note on two tertiary faunas from the rocks of 
the southern coast of Vancouver Island.—University of Cali- 
fornia, Bulletin, Dept. of Geology, volume 2, No. 3, pp. 101-108. 


This paper deals with two collections of marine invertebrate 
fossils from the south coast of Vancouver Island. One of these 
is from Carmanah Point and the other from the vicinity of 
Sooke Bay. Altogether twenty-four species were collected at 
Carmanah Point. He states: “The fauna of the Carmanah 
Point beds seems on the whole to be the same as that of Conrad’s 
Astoria Miocene, excluding, however, the lower portion of the 
latter series, which has been supposed to be of Eocene age.” Of 
the fauna collected at Sooke fifty-five per cent are extinct. 
Eight or nine species are living. He states: “Comparing the 
Sooke fauna with that of well-known Tertiary and post-Tertiary 
horizons on the Pacific Coast, we find that six or seven of the 
species are known from the Miocene and about an equal num- 
ber from the Pliocene, nine species are found in the Quaternary 
and Recent, and seven or eight are not known to occur else- 
where, either recent or fossil.” Dr. Merriam also says: ‘The 
evidence at our command indicates that the Sooke beds are of 
middle Neocene age, and that the time of their deposition was 
rf 


considerably later than that of the Carmanah Point beds.’ 


1898. Russell, I. C. A preliminary paper on the Geology of the Cas- 
cade Mountains in Northern Washington.—United States Geo- 
logical Survey, 20th Annual Report, pt. 2, pp. 83-210. 

This report deals chiefly with the geology of the Cascade 
Mountains proper. <A series of old metamorphic formations 
consisting of slates and schists of unknown age are intruded by 
granite. The Cretaceous is recognized in the extreme northern 
portion of the Cascades and is locally referred to as the Simil- 
kameen and Winthrop formations. The Tertiary formations 
which are described are confined to the eastern side of the Cas- 
cades. They consist of the Swauk, Roslyn, Ellensburg and 
Columbia River lava. In late Tertiary times the Cascade Moun- 


tains were reduced to a peneplain. 
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1898. Willis, Bailey. Some coal fields of Puget Sound.—United States 

Geological Survey, Eighteenth Annual Report, part 3, pp. 399- 

436, plates 52-68, figures 26-31. ' 

In this report a detailed description of the geology of the: 

coal bearing formations of Pierce and King counties is presented. 

Special consideration is given to the geologic structure. The 

preceding paper which was presented as an abstract covers the 

principal points in this. (1897. Willis, Bailey. Stratigraphy 
and structure of the Puget group.) 


1899. Willis, Bailey, and Smith, George Otis. Tacoma Folio.—United 
States Geological Survey, Geologic Atlas, Folio No. 54. 


This report describes the geology of an area involving parts 
of King and parts of Pierce County. The oldest formations are 
of Eocene age and are represented by the Puget Group. The 
Puget formation in this area is described as consisting “of 
interbedded sandstones, shales, and coal beds aggregating 10,- 
000 feet or more in thickness. Sandstones prevail. They are of 
variable composition, texture and color, and are frequently cross 
stratified. Their composition ranges from a typical arkose con- 
sisting of slightly washed granitic minerals to siliceous clays. 
The separate beds vary from a few inches to more than 100 
feet in thickness. In general the strata are similar and are 
similarly interbedded from top to bottom. The shales of the 
Puget formation are formed of siliceous clayey muds containing 
sometimes considerable carbonate of iron and generally more 
or less carbonaceous matter which varies in character from fine- 
ly divided organic material to large leaves and stems. They ac- 
cordingly range in color from rather light gray and blue to 
black. The lighter tints weather out brown through oxidation 
of the iron. The proportion of coal beds is extraordinary. Care- 
fully measured sections show that the Puget formation con- 
tains more than 125 beds. The valuable coal is found in the 
lower 3,000 feet of the formation. The physical history which 
is recorded in the Puget formation is one of persistent but fre- 
quently interrupted subsidence of the area within which the 
sediments were deposited. Throughout these changes the 


<> 
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waters appear to have remained fresh or brackish. The fossils 
other than plants are prevailingly unios or other fresh water 
forms.” 

The flora is known to contain over 100 species, a very large 
number of which are new. The plant remains in the lower beds 
give evidence of a tropical climate while those in the upper are 
more closely related to those of the present day. 


“The condition of subsidence which characterized the Puget 
Sound Basin during the Eocene period continued into the next, 
the Neocene. Theres is apparently no interruption or change in 
the sedimentary sequence to mark the transition, but plants 
collected from the upper part of the Puget formation differ 
from those taken from lower portions, and are’ of Neocene types. 

“In the northern Duwamish Valley, in the vicinity of Steels, 
is an isolated area of brown sandstone containing fossil plants 
which are younger than any collected from the recognized Puget 
formation, and which may belong to a later epociit of the Neo- 
cene period. <A little farther northwest in the same vicinity 
are outcrops of green sand in which occur marine fossils of 
carly Neocene (Miocene) age.” 


1899. Diller, J. S. Latest volcanic eruption on the Pacific Coast.— 
Science, new series, volume 9, pp. 639-640. 
Certain evidence is presented to show that Mt. St. Helens 
and Mt. Baker were in eruption during the early part of the 
19th century. 


1902. Landes, Henry. Coal deposits of Washington.—Washington 
Geological Survey, volume 1, Annual Report for 1901, pp. 257- 
281. 


This report describes the coal bee aring formations of the 
Puget Sound and Cowlitz Basin regions. The strata were be- 
lieved to have been deposited under estuarine conditions during 
the Eocene. 

1902. Landes, Henry. An outline of the geology of Washington.— 
Washington Geological Survey, volume 1, Annual Report for 
1901, pp. 11-35. 

In this report the state is divided into five topographic prov- 

inces. A preliminary geological map of the state is inserted, 


showing the areal distribution of formations as known at that 


9 
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time. The coal measures of Puget Sound are recognized as of 
Eocene age. The sedimentaries in Kitsap County are referred 
to as Miocene, as well as the belt bordering the south side of 
the Strait of Juan de Fuca and the larger part of southwestern 
Washington. 


1902. Landes, Henry, and Ruddy, GC. A. Coal deposits of Washington. 
—Washington Geological Survey, volume 2, Dp. 167-275. 


A more detailed discussion is entered into concerning the 
coal bearing formations than in the previous report. The fol- 
lowing generalized statement is made: 


“The coal measures of Washington belong to the carly 
part of the Tertiary period or the Eocene epoch. In only a 
very few instances has the base of the coal measures been 
found. In the coal fields of Whatcom and Skagit counties the 
lowest strata of the coal measures lie upon a metamorphic 
rock, a mica schist of unknown age. At the Blue Canyon and 
Cokedale mines the largest coal seams lie but a few inches or at 
the most, but a few feet, above the schists. In general in the 
different fields the principal seams of coal lie well toward the 
bottom of the coal series and hence belong to the earlier portion 
of the epoch. In Washington, during Eocene time, the shore 
line was somewhere in the vicinity of the eastern border of 
Puget Sound, and extending southward beyond the present 
boundary of the state. The Olympic Mountains formed a 
large island immediately off the coast. The region of the Cas- 
cade Mountains was in general one of low relief. 

In the northern portion of the state, however, the Cascades 
were doubtless of considerable height and the streams flowing 
from them possessed of great strength, as shown by the coarse 
character of the sediments deposited at that time. The hills 
were composed of granite rocks as shown by the character of 
the sediments derived from them. The fossil contents and 
character of the sediments of the coal fields of Roslyn-Clealum 
and those of Whatcom and Skagit counties show that these 
fields represent lake deposits. In the case of the Whatcom coal 
field the sediments reach an approximate thickness of 20,000 
feet and are made up of massive sandstones and coarse con- 
glomerates. In the remaining coal fields as far as known, the 
coal swamps were in estuaries along the shore where brackish 
water conditions prevailed.” 
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1908. Smith, George Otis. Geology and Physiography of Central 
Washington.—United States Geological Survey, Professional 
Paper No. 19, pp. 1-44. 


The area involved in this paper lies in the east central part 
of the Cascade Mountains. The deformational movements are 
of importance because of their possible influence on the western 
side of the mountains. Concerning the geologic history of 


central Washington, it is stated: 


“The oldest rocks, probably of Paleozoic age, furnish a 
record of sedimentation and voleanism, but this record has been 
greatly obscured by the altered condition of these rocks. This 
metamorphism in turn tells of the orogenic movements to which 
the rocks have been subjected and of the action of intrusive 
magmas. 

“The great intrusions of peridotite and granodiorite prob- 
ably belong to the Mesozoic, and were events of the first im- 
portance in the history of this portion of the Cascade Range. 
The period of erosion subsequent to these intrusions was of 
sufficient length to allow these deep-seated bodies to be un- 
covered and deeply dissected. 

“From these eroded older rocks was derived the material for 
the Eocene sediments, and the process of sedimentation appears 
to have been a rapid one within this area, since several thous- 
and feet of granitic sands and other sediments were deposited 
in early Eocene time, before uplift again inaugurated erosive 
activity. Then began the first basaltic eruptions, the fore- 
runners of the greater voleanism of the Miocene. This voleanic 
activity was succeeded by the quieter processes of sedimentation, 
by which the Roslyn sandstone was deposited in middle Eocene 
time. Somewhat later, in an adjacent area, the deposition of 
the Manastash sediments took place, and the Eocene period 
closed with the uplift and folding of all of these Eocene forma- 
tions. 

“Erosion continued well into the Miocene within this area, but 
ceased with the beginning of the great eruption of basalt, the 
many flows of which covered the greater part of central Wash- 
ington like a molten sea. Immediately succeeding this epoch 
of: voleanism came the deposition of the Ellensburg formation, 
thick deposits of stream sands and gravels, brought down from 
a volcanic area to the west. 
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“Mountain building movements followed this sedimentation 
of the later Miocene, and again erosion began to cut away what 
had been uplifted.” 

During the Neocene the region was extensively peneplained. 
Concerning its uplift later, he states: 

“The ultimate deduction is that, whatever the relative pro- 
portion of antecedent and consequent character in the drain- 
age system, the main divide for the greater portion of its length 
in this area neither coincides with nor parallels the axes of most 
marked deformation of the preexistent surface. The uplift to 
which the Cascade Range owes its origin was not simple in type 
but complex, and within this area, can be resolved into three well 
defined upwarps, which, moreover, are transverse to the main 
trend or major axis of the range considered over the large area 
to the north.” 


1905. Arnold, Ralph. Gold placers of the coast of Washington.—United 
States Geological Survey, Bulletin No. 260 pp. 154-157. 


Certain bluffs of Pleistocene sands and gravels occurring 
along the ocean south from Cape Flattery contain small amounts 
of placer gold. These Pleistocene deposits rest upon the up- 
turned edges of the older shales and sandstones. 

1905. Arnold, Ralph. Coal in Clallam County, Washington.—United 
States Geological Survey, Bulletin No. 260, pp. 413-421. 

This report describes the coal-bearing Miocene formations 
east of Clallam Bay, Washington. Mention is made of the 
Eocene basalts in the vicinity of Port Crescent and also of the 
pre-Oligocene formations south of Cape Flattery. The Oligo- 
cene-Miocene strata occurring along the Strait of Juan de 
Fuca are described as well as their thickness, composition and 
structure. Special mention is made of the coal deposits found 
in these strata. The more important geologic results are to be 
found in Mr. Arnold’s paper on the Olympic Peninsula pub- 
lished the following year. 

1905. Diller, J. S. Coal in Washington, near Portland.—United States 
Geological Survey, Bulletin No. 260, pp. 411-412. 
Reference is made to the occurrence of coal on Coal Creek 


in Cowlitz County, 12 miles west of Kelso. The coal seam is 6 
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feet to 7 feet thick with two small partings of sand. It is over- 

lain by soft sandstone. He states: “The bed of coal is inter- 

stratified with a lot of shales and shaly sandstones well exposed 
along Coal Creek near the mine. The strike of these beds near 

the mine is northwest-southeast with a dip of about 15° S. W. 

There are igneous rocks cutting the coal bearing beds in that 

region and the strata are faulted locally. Marine shells occur 

in the strata 3 feet above the coal. Among them is the ribbed 

Venericardia planicosta, which is characteristic of the Eocene. 

The coal is essentially of the same age as that farther north in 

Washington.” 

1906. Arnold, Ralph. Geological reconnaissance of the coast of the 
Olympic Peninsula, Washington.—Geological Society of Ameri- 
ca, Bulletin 17, pp. 451-468, 4 plates, 4 figures. 

This paper contains a description of the topographic and 
physical features of the Olympic Mountains, as well as the geo- 
logic formations and their structure. The following statement 
is made concerning the geologic formations : 

“The formations involved in the geology of the coastal 
region of the Olympic peninsula include serpentine, old diabase 
or greenstone, metamorphosed sandstone and quartzite, prob- 
ably of Jurassic age; 6,000 feet of gray sandstone with minor 
quantities of carbonaceous shales, supposed to represent the 
lower part of the Puget group and of Cretaceous age; 1,200 
feet of basalt and conglomerate, sandstone and shale; 2,260 
feet of Pliocene conglomerate, clay and gravel. In addition 
to this the Oligocene-Miocene breccia contains large quantities 
of angular fragments of hard black slate, indicating a probable 
widespread formation of this type of rock somewhere in the gen- 
eral region. Nothing is known of the age of the slate, except 
that it is pre-Oligocene.” 

Five recognizable faunas are described as occurring in the 
Clallam formation along the Strait of Juan de Fuca: 1st, Low- 
est clay shale (Oligocene) ; 2nd, “above the clay-shale horizon 
is a series of medium bedded to fine massive sandstones in which 
are found a fauna apparently transitional from the clay-shales 
to the coarse sandstones” ; 3rd, a horizon of Miocene sandstone 


occurring east of Clallam Bay; 4th, the fourth fauna is found 
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near the top of the Clallam formation in sandstone layers inter- 
bedded with conglomerates ; 5th, ‘The fifth fauna of the Oligo- 
cene-Miocene is that found at the mouth of the Sekiu River in 
beds the equivalent of the uppermost strata of the Cape Flat- 
tery section.” 

The Pliocene is described as occurring in a synclinal trough 
at the mouth of Queniult River. The term Queniult formation 
is applied to these strata. The following statement is made 
concerning the geologic structure: 


“As indicated by the exposures along the coast, the struc- 
tural lines in the region from Port Angeles to Gettysburg aver- 
age approximately parallel to the trend of the Olympics, north 
70° west, south 70° east; those in the Gettysburg-Clallam Bay 
territory almost perpendicular to this, or a little « east of north, 
and those in the Clallam Bay-Cape Flattery stretch north 30° 
west, south 30° east, or again parallel with the ridges which 
extend along the coast in this region. A syneline, with its 
southern fim resting against wee sandstones south of Lake 
Crescent and its ee one truncated by the waters of the 
strait of Fuca, is the major structural feature of the Port Cres- 
cent-Gettysburg region. From Gettysburg westward to the 
mouth of the Pysht River the structural features are not pro- 
nounced, the rocks in general, however, having a westward dip. 
A rather broad syncline, with its axis extending in a north- 
easterly-southwesterly direction, occupies most on the territory 
between the Pysht River and Clallam Bay. This syncline is 
complicated in its southeastern portion by sharp local folding 
and some faulting. The region between Clallam Bay and Cape 
Flattery is formed by a gree oS northeast-dipping monocline, the 
beds of which appear to have a total thickness of over 15,000 
feet. 

“South of the Clallam Bay-Cape Flattery monocline is the 
western extension of the axis of the Olympic Mountains. The 
structure in the region about this line of disturbance is quite 
complex, but as one goes away from it toward the south the 
structure becomes simpler. Several determinable folds with 
northwest-southeast axes were noted along the coast between 
the Ozette and Hoh rivers, and in the vicinity of the mouth of 
the Queniult there is a very prominent syncline developed 
the Pliocene, with its axis parallel to those just mentioned. 
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“A great uplift in the Olympic Peninsula region appears to 
have taken place at or near the close of the Miocene epoch and 
still another lesser one during the late Pliocene. That orogenic 
movements are still taking place, or have occurred since the 
deposition of the Pleistocene, is evidenced by the very gently 
folded and tilted clays, sands, and gravels in the vicinity of 
Port Angeles.” 

1906. Arnold, Ralph. The Tertiary and Quaternary pectens of Cali- 
fornia.—United States Geological Survey, Professional Paper 
No. 47. 

This paper consists primarily of descriptions of Pectens oc- 
curring on the Pacific Coast. The majority of the forms are 
from California, although several new species are from the Eo- 
cene and Miocene of Washington. Lists of other associated 
species occurring with the Pectens are given. Among the more 
important localities in Washington are Little Falls, where the 
Eocene strata occur, and the Oligocene-Miocene along the north 
coast of Clallam County. 

1906. Smith, Geo. Otis, and Calkins, Frank C.. Description of the Sno- 


qualmie Quadrangle.—United States Geological Survey, Geologic 
Atlas, Folio No. 139, 14 pages, 3 maps, 1 columnar section. 


The area involved in this report is confined to the central 
part of the Cascade Range. The western portion of the quad- 
rangle is largely covered with the Keechelus voleanic series which 
is of importance because of its probable extension westward to the 
Puget Sound region. 

1907. Reagan, Albert B. Some geological studies of northwestern 


Washington and adjacent British territory —Kansas Academy 
of Science, Transactions, volume 20, part 2, pp. 95-121. 


The larger part of the area involved is covered with glacial 
drift. The pre-Glacial sediments at Bellingham are mapped as 
Eocene as are the metamorphics on Lummi Island. Basalts are 
said to outcrop in places just north of the international bound- 
ary line. 

1907. Weaver, Charles E. Notes on the bed-rock geology of the Olym- 
pic Peninsula.—Mountaineer, pp. 58-64. 
This paper was written from a popular standpoint. It 


records some geological data collected on a trip up the Elwha 
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Basin on the way to Mt. Olympus. The central portion of the 

Olympic Range is composed of slates and quartzites possessing 

an enormous thickness and having a general trend of North 

60° West. 

1909, Arnold, Ralph. Environment of the Tertiary faunas of the Paci- 
fic Coast of the United States.—Journal of Geology, volume 17, 
No. 6, pp. 509-533. 

The general relations of the Tertiary on the Pacific Coast 
are discussed, including that of Washington. He states: 
“Immediately preceding the Eocene period practically all 
of Washington, all of Oregon, excepting a small area along 
the southern border, the Sierra and desert region, and certain 
portions of the coastal belt of California were dry land.” Dur- 
ing the Eocene continuous oscillations of the sea floor were tak- 
ing place, allowing the deposition of alternating deposits of 
estuarine and marine origin. In the Oligocene, strata “con- 
sisting largely of sandy to clayey shales and carrying a char- 
acteristic marine fauna are found at many localities through- 
out Puget Sound region. Wherever their relations are known 
these beds lie conformably with the Eocene below and lower 
Miocene above; they therefore mark areas of persistent sub- 
sidence.” 

1909. Arnold, Ralph. Notes on some rocks from the Sawtooth Range 


of the Olympic Mountains, Washington.—American Journal of 
Science, fourth series, volume 28, pp. 9-14. 


Describes some rock specimens collected from the Olympic 
Mountains west of Lake Cushman. They are quartzites and as- 
sociated metamorphiecs of pre-Tertiary age. 

1909. Dall, William Healey. The Miocene of Astoria and Coos Bay, 
Oregon.—Professional Paper No. 59, U. S. Geological Survey. 

This paper is primarily a description of the Tertiary fauna 
from Coos Bay and Astoria. A number of new species from 
the Tertiary of Washington are described. The discussion of 
the geological conditions at Astoria is of especial interest as 
the fossils are closely related to similar forms in Washington. 
He states: 
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“No proper Eocene is exposed at Astoria, but the rocks 
may occur below the water level. The Aturia bed, of Oligo- 
cene age, in which Aturia angustata, Miopleiona indurata, 
Marcia oregonensis, Trophosycon oregonensis, and Scapharca 
devincta appear to be characteristic species, as already ex- 
plained, is no longer accessible, its outcrop having been close 
to the water’s edge under the most elevated part of the high 
bluff behind the town, which is strung along on a narrow talus 
or built out on piles over the river, there being hardly any level 
land between the bluffs and the water. At Smith’s Point, west 
of the town, the shales are very low, the vertical face not ex- 
ceeding 15 feet. They dip about 16° in a southeasterly direc- 
tion and are composed of thin layers of chiefly bluish-gray 
shale with numerous fractures lined with peroxide of iron which 
develop more numerously as the surface dries, while the iron 
causes the face to weather into a brownish color. Most of. the 
layers contain a little sand, but some do not show any. The 
fluctuations seem to succeed each other with a certain regu- 
larity. 

“Here and there a little gravel is mixed in one of the layers 
and in these gravelly layers are also small fragments of bi- 
valve shells, the most perfect and numerous being valves of 
Pecten (Pseudamusium) peckhami Gabb, Acila conradi Meek, 
and fragments of a species of Terebratalia. 

“At some places in the upper layers of the shale the clayey 
parts form along a bedding plane lines of concretions. partly 
fossiliferous and containing most commonly specimens of Ma- 
coma calcarea in a bad state of preservation. 

“Above the shales at this point is a bed 8 to 20 feet in thick- 
ness of a yellowish clayey sand with irregular, mostly rounded 
fragments of a harder sandstone, maculated with peroxide of 
iron, with a few traces of marine fossils, and more or less gravel 
not regularly bedded and penetrating into fissures in the shaly 
rock below, in the form of dikes. The beach in this vicinity is 
composed of the pebbles, nodules, and small boulders of the hard 
sandstone washed out of this layer mixed with a few fragments 
of voleanic tufa. 

“Near Tongue Point, at the other end of the town, two miles 
away, the same beds were recognized, but the gravelly layer 
seemed thicker and the shale much broken up. The same beds 
appear to compose the bluffs between Tongue and Smith’s points, 
though owing to the way the town is built they are difficult of 
aceess. These bluffs at their highest point, near the high-school 
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building, rise perhaps 150 feet. Here a fine section shows 30 
to 40 feet of the shales exposed at an angle ‘of 40° to 60°, dip- 
ping about 26° 5. E., though the dip is not invariable. The yel- 
lowish sandstone gravel overlies the shales of an equal thickness 
and descends into them in dikes here and there. The upper mar- 
gin of the shales is in places indistinguishable, the clayey and 
sandy layers merging into each other and being similar in color. 

“Tt is notable that in the upper part of the shales some of 
the shells seem to have been fossilized in sandstone, washed out 
and reembedded in the clays. Between the valves or on one side 
of a single valve of a bivalve shell, there will be a remnant of 
soft coarse sandstone, while the fossil is otherwise embedded in 
a dark waxy clay shale. 

“These sandstones and shales have much similarity to Mio- 
cene deposits occurring in various localities along the coast from 
California to Alaska and part of the fossils are of identical 
species. 

“The Aturia bed and the superincumbent Astoria group 0¢c- 
cur on the north bank of the Columbia in a good many places, 
apparently more elevated than on the Oregon side. 

“Fyrom a preliminary examination of Miocene beds examined 
by Ralph Arnold under my instructions at Clallam Bay, Wash- 
ington, it would seem that the species agree more generally with 
those of Astoria; but the difficulty of correlating in the present 
state of our knowledge is indicated by the fact that no trace of 
Sooke Miocene fauna, profusely developed on the Vancouver 
Island shore of Juna de Fuca Strait has yet been found after 
careful search on the opposite coast of Washington.” 


1909. Darton, Nelson Horatio. Structural materials in parts of Ore- 


gon and Washington.—United States Geological Survey, Bul- 
letin No. 387. 


In this report brief descriptions are given of those rocks 
which are of importance as structural materials. In the vicinity 
of Portland the areal distribution of basalts are shown upon a 
topographic map. No age is assigned to them. They may pos- 
sibly be Eocene. 


1909. Reagan, Albert B. Some notes on the Olympic Peninsula, Wash- 


ington—Kansas Academy of Science, Transactions, volume 22, 
pp. 131-238. 


r | . . 
his paper records the results of some geologic studies along 
the shore of the Strait of Juan de Fuca in Clallam County and 
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in the valleys of the Bogachiel and Soleduck rivers. Collections 
of fossils were made at numerous points and from these several 
new species are described. The principal formations involved 
are the Oligocene-Miocene and some Pliocene strata outcrop- 
ping near the mouth of the Bogachiel and Soleduck rivers. 
Many of the molluscan Species in the Miocene are characteris- 
tic of strata of the same age in many parts of western Wash- 
ington. 


1910. Bretz, J. Harlen. Glacial lakes of Puget Sound.—Journal of Geol- 
ogy, volume 18, No. 5, pp. 448-458. 

This paper deals exclusively with certain phases of the 
glacial history of the Puget Sound region. Pre-Pleistocene 
deposits are not discussed. During the Glacial epoch the ice 
field is said to have filled the Puget Sound region. As it re- 
treated it left ponded water in front forming a large glacial 
lake, which was not drained off until the front of the ice sheet 
had passed north of the Junction of Puget Sound and Strait 
of Juan de Fuca. 


1911. Bretz, J. Harlen. Terminal moraine of the Puget Sound glacier. 
—Journal of Geology, volume 19, No. 2, pp. 161-174. 


This paper deals entirely with Pleistocene deposits of glacial 
origin in the Puget Sound basin. Mention is made of bed rock 
formations resting beneath the glacial deposits. 


1911. Smith, E. Eggleston. Coals of the State of Washington.—United 
States Geological Survey, Bulletin No. 474. 


This paper deals chiefly with the analyses of coals from 
Washington coal fields. However, record is made of strati- 
graphic and structural data collected at those points where 
coal samples were taken. 


1912. Clapp, Charles H. Southern Vancouver Island.—Geological Sur- 
vey of Canada, Memoir No. 13. 


The area reported upon is entirely outside of the state of 
Washington, but the formations involved are so closely related, 


both structurally and physiographically, that it should be in- 
cluded. 
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The pre-Cretaceous complex has apparently had a history 
“1 common with that of the Olympics. During the Cretaceous, 
parts of the region were submerged, allowing deposition of 
Chico sediments. During the Miocene the southern coast of the 
‘sland was submerged and the sediments of the Carmanah and 
Sooke formations deposited. During late Miocene and Pliocene 
the entire southeastern part of the island is believed to have 
been reduced to a peneplain. Late in the Pliocene or early in 
the Pleistocene the peneplain was uplifted and maturely dis- 
sected and then later somewhat depressed, forming the present 
drowned valley topography. 

“On the retreat of the earliest and largest glaciers, the land 
stood some 200 to 400 feet lower than at present, and on the 
lowlands developed by the pre-Glacial erosion cycle, marine 
sediments were deposited, while large rivers flowing from the 
retreating glaciers formed extensive fluviatile and delta de- 
posits. A second period of glaciation is recorded by the till 
overlying these deposits, but it was far less intense than the 
first period, and merely eroded portions of the stratified de- 
posits. Soon after, or possibly before the retreat of the later 
glaciers, an uplift of some 200 to 400 feet took place, uplifting 
the stratified deposits, which have been submaturely retrograd- 
ed during the present marine cycle.” 

4912. Evans, George Watkin. The coal fields of King County.—Wash- 
ington Geological Survey, Bulletin No. 3. 

In the investigation of the King County coal fields, detailed 
observations were taken on surface outcrops wherever possible. 
This information has been platted upon a map. The rocks 
as exposed in Green River are of Eocene age and have been di- 
vided into three groups: the Bayne, Franklin and Kummer. 
1912. Weaver, Charles E. Geology and Ore deposits of the Index Min- 

ing District, Washington.— Washington Geological Survey, Bul- 
letin. No. 7. 

The area involved in this report lies in the western foothills 
of the Cascade Mountains in Snohomish County. The forma- 
tions are chiefly pre-Tertiary in age and consist of metamor- 
phies intruded by granodiorites. They represent, however, the 


basement complex upon which the Tertiary of Puget Sound 
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rests. At Index these old formations occur at elevations rang- 
ing from five hundred to five thousand fect above sea level. 
1912. Weaver, Charles BE. Preliminary report on the Tertiary Palaeon- 


tology of western Washington.— Washington Geological Survey, 
Bulletin No. 15. 


A preliminary outline is presented of the areal distribu- 
tion of the pre-Tertiary and Tertiary formations in the west- 
ern part of the state. The following subdivisions were made 
of the Tertiary: 


Pleistocene— 


Pliocene—wanting 


(Upper. a... - aust Pie bhsts nee ate Montesano formation 
BVO COMO ER ssi... csc o4 ce ) Chehalis formation 
LOWER Hutto. oo cece - Wahkiakum formation 
L Blakeley formation. 
QI EOCaiCy. | Lincoln formation 
UD pCi eee | Tejon formation. . | Alaa A 
DPGEGS coo oe | Cowlitz formation, d water group 
TOWEL cates Boe arte se Wanting. 


The Cowlitz formation was ree garded as provisional with the 
understanding that it might represent a part of the Tejon. 
A partial list of the marine fauna was included and eighty-four 
new species of invertebrates were figured and described. 

1913. Arnold, Ralph, and Hannibal, Harold. The marine Tertiary 
Stratigraphy of the North Pacific Coast of America.—Proceed- 


ings of the American Philosophical Society, volume LII, No 
212, pp. 559-605. 


This paper presents the ideas of the authors concerning 
the correlation of the marine Tertiary deposits of Oregon and 
Washington and gives a list of the fauna found in each division. 
The following stratigraphic column is submitted for the North 
Pacific Coast: 

Age— Formation 


j Saanich 


ESCO: 1 Vashon Drift 


\ Admiralty Till 


[SECIS ite ~ Elk River 
! Merced 
WS EO. 6 56 Se -~ Empire 


Monterey (Clallam) 
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Twin River 
j Astoria........--+.- ~- Seattle 


DLISOCENE na. 6 (ae nie eer o~ @ 2 hs 0 eee ee 4 | San Lorenzo 
Lsooke 
{ Arago 

Bocene......+. Aten tale site 4 Tejon \ Olequa 
i VOU stone dete ee deeiot iets NChanalis 


1913. Bretz, J. Harlen. Glaciation of the Puget Sound Region.—Wash- 
ington State Geological Survey, Bulletin No. 8. 


This paper is confined almost entirely to a discussion of the 
glacial deposits and history of the Puget Sound region. Con- 
cerning the Pliocene he states: 

“For this region the Pliocene was primarily a time of 
diastrophic movement and erosion. The Eocene and Miocene 
beds were domed and folded, the whole area was lifted higher 
than at present, and subaerial erosion developed great relief in 
the weak Tertiary rocks already deposited.” 
glaciation are re- 
corded as “Admiralty (glacial), Puyallup (interglacial) and 


Vashon (glacial).” 


The following three epochs of Pleistocene 


Concerning diastrophism during the Pleistocene, he states: 


“The land was high during the Pliocene, presumably higher 
than at any subsequent time. At the time of the retreat of the 
Admiralty ice, however, the region was slightly lower than at 
present; marine organisms in the Admiralty sediments having 
been found in situ a few feet above present high tide. Early in 
the Puyallup interglacial epoch, the region was probably a 
thousand feet higher than now. At the maximum of Vashon 
glaciation outwash gravels were poured westward down the 
Chehalis as far as the present head of Grays Harbor, where 
they now lie 35 feet above tide, with stream bedding. From this 
we may conclude that the land had lowered from its high inter- 
glacial portion to one near that of the present.” 


As the Vashon began to retreat a lake developed in ‘front 
to the south. After Vashon retreat opened the Strait of Juan de 
Fuca the waters of the lake were replaced by marine waters. 
From the presence of marine shells at elevations as high as 280 
feet, it is thought that there was a post-glacial submergence of 


Ave aiies ae 
the Puget Sound region of that amount. 
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“When the submergence was 120 feet or more in excess of 
the present, Grays Harbor and Puget Sound were connected 
by tide water across the site of Lake Russell’s discharge-way 
and the Olympic Mountains constituted an island.” 


After this submergence the Puget Sound region was re- 
elevated to approximately its “immediately post-glacial posi- 
tion.” 


1918. Collier, A. J. Coal Resources of Cowlitz River Valley, Cowlitz 
and Lewis counties, Washington.—Bulletin No. 531, U. S. Geo- 
logical Survey, pt. 2, pp. 323-330. 
This paper contains results of a brief investigation of coal 
resources of the southern part of the Cowlitz River valley in 
Washington. He states: 


“Along Cowlitz River northward from its junction with the 
Columbia lies an area of coal land 30 miles long and 15 miles 
wide. Probably a large part of this area is not underlain by 
coal, but beds are exposed at so many places in the field that 
all of it is considered possible coal land. This field is probably 
continuous with that about Centralia and Chehalis, although 
for a few miles south from Chehalis no outcrops of coal have 
been found. The prevailing rocks are soft sandstones, which 
he approximately horizontal and which locally contain beds of 
coal. Fossils of Eocene age are found in the sandstones. Be- 
sides the sedimentary rocks there are a great many bodies of 
igneous rocks, some of which are known to be of the sanie age 
as the sedimentary beds, whereas others are of later intrusion 
or extrusion. For example, a few miles north of Castle Rock 
an old lava flow, overlain by the later Eocene sediments, out- 
crops. Near Kelso there are several masses of rock, which cut 
through the sedimentary formation in the form of dikes, and 
on the east side the coal field is limited by later eruptive rocks, 
presumably of the Miocene series, which forms a large part of 
the Cascade Mountains farther south. 

“The structure of the sedimentary rocks consists of open 
folds, in which the dips are low. Faults do not appear on the 
surface, but they have been encountered in some mines, causing 
abandonment. The structure in this field appears to be de- 
eidedly different from that about Chehalis and Centralia. In 
that field the coal beds dip as high as 70°, whereas in this field 
the beds nowhere dip more than 25°.” 
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1913. Landes, Henry. Notes on Glacier coal ‘field—Pacific Mining 
Journal, volume 2, No. 4. 


This area involved is situated in Whatcom County northeast 
of Bellingham and northwest of Mt. Baker. Sandstones and 
shales outcrop and within them seams of anthracite coal are 
found interbeded. 


Throughout the Glacier field the strike of the formations 
is approximately east and west with some small local variations. 
The dip of the strata is almost universally to the northward, 
thus giving to the field as a whole a monoclinal structure. The 
persistency of the dip northward is something remarkable. 
Not only is it true between Discovery tunnel and Glacier, but 
as far north as Church Mountain, which is located about three 
miles northeast of Glacier, the same northward dip persists. 
How much farther to the northward of Church mountain the 
monoclinal structure continues is unknown at the present time. 
The angle of dip varies greatly throughout the field. On the 
steep mountain sides the amount of dip seems to be greater 
than that in the valleys or where the slopes are not so pre- 
cipitous. It is interesting to note that the slope of the moun- 
tain and the dip of the formations are in the same direction. It 
is very clear that as a result the rocks near the surface have 
settled forward so that they have a greater apparent angle 
at the surface than they have at a depth below the limit of sur- 
face influence. 


1914. Lupton, Charles T. Oil and Gas in the western part of the 
Olympic Peninsula, Washington.—U. S. Geological Survey, Bul- 


letin 581-B, pp. 23-80. 


This paper presents the results of a geological examination 
of the region on the western side of the Olympic Peninsula and 
south of the Cape Flattery axis. A record is given of numer- 
ous observations taken on the strikes and dips as well as a 


description of all occurrences of oil and gas. 
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1914. Washburn, Chester W. Reconnaissance of the Geology and Oil 
Deposits of Northwestern Oregon.—U. S. Geological Survey. 
Bulletin 590, pp. 1-111. : : 

In this report a record is made of the occurrences of Terti- 
ary strata in the coast ranges of northwestern Oregon and also 
along the north shore of Columbia River in Pacific County, 
Washington. The strata outcropping along the north shore of 
Columbia River between Megler and Fort Columbia tunnel are 
described as being of Eocene age on the basis of a partly worn 


hinge of Venericardia planicosta. 


1915. Dickerson, R. E. Fauna of the Type Tejon: Its Relation to the 
Cowlitz Phase of the Tejon Group of Washington.—Proceedings 
of the California Academy of Sciences, Fourth Series, volume 
5, No. 3, pp. 33-98, plates 1-11. 

A list is given of fossils collected one and one-half miles 
east of the town of Vader, Lewis County, Washington, in the 
shales outcropping in the banks of Cowlitz River. This fauna 
is regarded as representing the same faunal facies of the fauna 


of the type Tejon of California, i. e., the Rimella simplex Zone. 


1915. Clark, Bruce L. The Occurrence of Oligocene in the Contra 
Costa Hills of Middle California.—University of California, 
Publ. Bull. Geol., volume 9, pp. 1, 16-21. 

Studies made in the Coast Ranges of California show the 
Agasoma gravidum zone to be unconformable beneath the Arca 
montereyana zone. This unconformity is believed to be of wide 
extent. The faunal break between the Oligocene and Miocene 
in Oregon and Washington appears to be as great as in Cali- 
fornia. 


1915. Weaver, C. E. The Possible Occurrence of Oil and Gas Fields 
in Washington.—Transactions American Institute of Mining 
Engineers, Bulletin No. 103, pp. 1419-1427. 

A short description is given of the formations in the western 
part of the state and the structural conditions in their relation 


to the possible occurrence of oil and gas. 
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1916. Weaver, C. E. Tertiary Faunal Horizons of Western Washing- 
ton.—University of Washington, Publ. Geol., volume 1, No. 1, 
pp. 1-67, plates 1-5. 

The report describes several new species of Tertiary Mol- 
lusca from western Washington. A list is given of the species 
known to occur in the Eocene, Oligocene, and Miocene forma- 
tions of Washington. The Tertiary deposits of the western 
part of the state are divided into five divisions on a faunal 
basis. The Eocene is represented by the Tejon as known in 
California. The Oligocene is divided into three faunal zones. 
The lower Miocene corresponds to the Arca montereyana zone 
and the upper may be the equivalent of the Empire formation 
of Oregon. 


CHAPTER I. 
TOPOGRAPHY AND DRAINAGE. 


GENERAL STATEMENT. 


The western half of the North American continent, embrac- 
ing the entire area west of the Rocky Mountain divide as far 
as the Pacific Ocean, is commonly recognized as divisible into 
five distinct provinces, all of which have a general elongation 
parallel to the western margin of the continent. From east to 
west these provinces are generally referred to as the Rocky 
Mountain system; the elevated plateaus of the interior; the 
Sierra Nevada and Cascade ranges; the structural downfold 
involving the great valleys of California, the Willamette Valley 
of Oregon, the lower Cowlitz Valley and the Puget Sound Basin 
of Washington; and the Coast Ranges of California, Oregon 
and Washington. 

With the exception of the Rocky Mountain province these 
extend north and south across the state of Washington. The 
topographic features within the state may be grouped into seven 
divisions: Cascade Mountains, Okanogan Highlands, Columbia 
Plateau, Blue Mountains, Puget Sound Basin, including the 
lower Cowlitz Valley, Olympic Mountains and the Coast Ranges 
of southwestern Washington. 

The Cascade Mountains extend from the Oregon line almost 
due north to the Canadian boundary. The northern portion is 
approximately 100 miles in width. To the south the range 
gradually narrows and in the central part has a width of only 
75 miles. The crest line from north to south is somewhat sinu- 
ous in outline due to the differential resistance to erosion and 
difference in erosional power of streams heading on the eastern 
and western slopes. The general surface of the Cascades wher 
viewed from any of the higher peaks gives the impression of a 
deeply dissected, slightly undulating plain. The summits of 
the ridges seem to constitute the remnants of a former pene- 


plain the surface of which averages 6,000 feet above sea level. 
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Located upon this strongly dissected plateau surface are 
five high volcanic cones, the remnants of former active vol- 
canoes. Mt. Baker in Whatcom County, attaining an eleva- 
tion of 10,750 feet, is situated forty miles west of the main di- 
vide of the Cascades. About 70 miles to the southeast of Baker, 
in eastern Snohomish County, is Glacier Peak, having an eleva- 
tion of 10,436 feet, and situated ten miles west of the summit 
of the range. A little distance south of the middle of the Cas- 
cades, in southeastern Pierce County is Mt. Rainier, the high- 
est peak within the state, attaining an elevation of 14,408 feet. 
It is situated twelve miles west of the summit of the range. Mt. 
Adams, 12,307 feet high, is located 35 miles north of Columbia 
River on the main divide of the Cascades. Thirty miles due 
west of Mt. Adams is Mt. St. Helens, with an elevation of 9,- 
750 feet. The slopes of the cones are the gathering grounds 
of permanent snow fields or glaciers, feeding the streams issu- 
ing from their base, so that they have as a rule been partly dis- 
sected by erosion. The topography of the northern portion of 
the range is much more rugged than the southern part. The 
western slope of the Cascades is a maturely dissected mass of 
strong relief modified by glacial erosion. At the heads of the 
valleys on both sides of the summit are glacial amphitheatres 
or cirques many of which contain small alpine glaciers or rock- 
rimmed lakes. 

The Okanogan Highlands are situated in the northeastern 
portion of the state and extend from the northern Cascades 
easterly to Idaho. They terminate abruptly on the south along 
Columbia and Spokane rivers and extend on the north across 
the international line into the great interior plateaus of British 
Columbia. These mountains are much less rugged than the 
Cascades and rise only to elevations of 6,000 feet or less. 

The Columbia Plateau lies east of Columbia River and 
south of the Okanogan Highlands. It consists of several plains 
grading into one another which range in elevation from 500 to 
2,000 feet. It is crossed by numerous anticlinal ridges and its 


surface is scarred by several abandoned stream channels. 
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The Olympic Mountains occupy the northwestern portion 
of the state and when viewed from an elevation suggest an up- 
lifted and deeply dissected peneplain at an average elevation of 
5,000 feet. The surface of this plain appears as an axial up- 
warp with a low angle slope to the southwest and northeast. 
Rising above the surface are numerous residual monadnocks 
such as Mt. Olympus, Mt. Angeles, Mt. Eleanor, Mt. Constance, 
The Brothers and Mt. Church. These mountains attain eleva- 
tions up to 8,250 feet. Volcanic peaks are absent from the range. 
The main divide of the range trends from Hood Canal in the area 
between Duckabush and Skokomish rivers northwesterly to Cape 
Flattery. The main stream valleys bear away from the axis 
of the range to the northeast and southwest. The sides of the 
valleys are bold and rugged and near their heads are small al- 
pine glaciers and snow fields. Bordering the Olympic Moun- 
tains on the north and west is a low coastal plain averaging 600 
feet in elevation and deeply covered with deposits of glacial drift, 
river gravels and sand. ‘This low plain is also dissected by the 
streams flowing across it. The eastern slope of the mountains 
descend abruptly to Hood Canal while the southern side gradual- 
ly merges into the low lying hills of southwestern Washington. 

The Coast Ranges of southwestern Washington lie between 
Columbia River on the south and the Chehalis Valley on the 
north. They extend from the Puget Sound Basin-lower Cow- 
litz Valley depression westerly to the Ocean. They are com- 
posed of low-lying heavily timbered hills attaining a maximum 
elevation of 3,000 feet. The average elevation is approximate- 
ly 500 feet. The area involved is about 5,500 square miles. 
The western part of this area is marked by two irregular shaped 
embayments namely, Grays Harbor and Willapa Harbor. One 
prominent range of hills with several lateral spurs extends 
across this area diagonally from northwestern Cowlitz County, 
through southwestern Lewis County, and terminates at Willapa 
Harbor. A second less important one trends from Chehalis 


northwesterly to Grays Harbor, with lateral spurs. 


~) 
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In the northeastern portion of this province, in Thurston 
and southeastern Grays Harbor counties, there is a dome shaped 
group of hills, composed almost entirely of andesitic lavas, 
known as the Black Hills. They attain an clevation of 2,000 feet 
and structurally constitute a spur trending southeasterly from 
the Olympic Mountains. From the standpoint of origin it con- 
nects with the spur of the Cascades between Nisqually and Cow- 
litz rivers. 

The Puget Sound Basin lies between the Olympic and Cas- 
cade mountains. It is limited on the north by the San Juan 
Archipelago and on the south by the low divide between Chehalis 
River and Puget Sound. The larger part of this basin is an 
undulating gravel surfaced plain, having an average clevation 
of approximately 500 feet. This plain is dissected by deep and 
partially submerged valleys clongated in a north and south di- 
rection. The eastern side of the basin rises gradually and 
merges into the western foothills of the Cascades while the west- 
ern border terminates abruptly against the Olympic Mountains. 
The southern continuation of this province is to be found in the 
lower Cowlitz Valley. 

Immediately north of the Puget Sound Basin there is a 
group of islands which constitutes part of an extensively eroded, 
glaciated and partially submerged mountain range connecting 
a spur of the Cascades with Vancouver Island. These islands 
are known as the San Juan Archipelago. This group, consist- 
ing of several large and many small islands, is about 50 miles 
in length and 25 miles in width. The islands are separated 
by winding marine channels of varying depth. The largest is- 
lands of the group are San Juan, Orcas and Lopez. Mt. Con- 
stitution with an elevation of 2,400 feet is the highest peak 
within the group. 

The entire drainage of Washington is ultimately into the 
Pacific Ocean. The coastal margin is drained directly to the 
ocean but other portions of the state are drained first to several 
trunk channels and through these to the ocean. Three large 


drainage areas are recognized within the state west of the sum- 
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mit of the Cascade Mountains: Puget Sound, Columbia River 
and the Pacific Ocean. The largest of these is the Puget Sound 
area, which includes Hood Canal, Admiralty Inlet, Haro Strait, 
Rosario Strait and the larger part of the Strait of Juan de 
Fuca. These embayments receive the entire drainage from the 
western slope of the Cascade Mountains north of Cowlitz River 
including that of the Skagit, Stillaguamish, Skykomish, Sno- 
qualmie, Cedar, Green, White and Nisqually rivers, together 
with numerous smaller ones. It also receives the drainage from 
the east and north slopes of the Olympic Peninsula. The more 
important streams involved are the Skokomish, Hamahama, 
Duckabush, Docewallips, Quilcene, Dungeness and Elwha rivers. 

Nearly all of castern Washington as well as the western 
slope of the Cascade Mountains south of Cowlitz River is a part 
of the Columbia River drainage. The more important streams 
within this area draining the western slope of the Cascade 
Mountains include the Cowlitz, Toutle, Kalama, and Lewis 
rivers. In addition there are several small streams in western 
Cowlitz and Wahkiakum counties which drain directly into the 
lower Columbia River. 

The western border of the state from Cape Flattery south- 
ward to the mouth of Columbia River is drained through numer- 
ous small streams directly to the ocean. The more important of 
these streams on the Olympic Peninsula are the Soleduck, Hoh, 
Queets, and Queniult rivers. To the South, Grays Harbor re- 
ceives the drainage from Chehalis River and all its numerous 
tributaries including Hoquaim, Wishkah, Wynoochee, Satsop. 
Skookumehuck and Newaukum rivers. Willapa Harbor and 
Shoalwater Bay receive the drainage from the low coastal hills 
of southwestern Washington. The more important of these 
streams are North, Nasel and Bear rivers. 

The rainfall in the western portion of the state is exceeding- 
ly heavy and the amount of water carried to the ocean corres- 
pondingly great. Many of these streams have their sources in 
the high mountainous areas where they are fed by small glaciers 


or lakes which mark the sites of past glaciers. The upper por- 
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tions of their courses are characterized by numerous small lat- 
eral streams many of which cascade down steep slopes to the 
main streams. In their middle stretches they have reduced their 
valleys to a grade with well defined floodplains in which the 
channels shift their position from year to year. In many in- 
stances their lower courses become sluggish and meander, re- 
sulting in the development of alluvial plains and deltas. 

Numerous small lakes exist-in various parts of western 
Washington. The majority of these owe their origin to some 
phase of glaciation. In the Puget Sound Basin and along the 
north coast of the Olympic Peninsula the majority of the lakes 
are associated with moraines formed during the occupation of 
the region by ice. Among the more important of these are 
lakes Washington, Sammammish, Whatcom and Crescent. to- 
gether with numerous smaller lakes including those on the 
gravel prairies south of Tacoma. 

In the higher mountainous areas at the heads of the small 
tributaries there are commonly small rock rimmed lakes which 
occupy cirques or the basins of glacial amphitheatres. They 
usually lie in short hanging valleys and the streams issuing 
from them cascade to the main streams below. 

On the western side of the Olympic Peninsula there are two 
medium sized lakes, namely: Queniult and Ozette. Lake Quen- 
iult is about five miles long and three miles wide and lies in the 
valley of Queniult River. Above the lake the river descends 
rapidly from the heart of the Olympics, while below it meanders 
with a fall of about 300 feet through a distance of thirty-five 
miles to the ocean. The lake appears to have been formed by a 
local damming of the river. 

Lake Ozette, situated in western Clallam County on the west- 
ern side of the Olympic Peninsula, is approximately eight miles 
long and three miles wide. It has an elevation of 50 feet above 
sea level and is drained directly to the ocean through Ozette 
River. It is situated on the gravel covered plain bordering the 
western side of the Olympic Mountains and owes its origin, in 


part at least, to glacial action. 


CHAPTERCLL 
PRE-TERTIARY FORMATIONS. 
GENERAL STATEMENT. 

A large portion of the formations exposed at the surface in 
Western Washington is of Pleistocene age and consists of de- 
posits of either glacial or fluviatile origin. Where the pre- 
Pleistocene formations are not covered, they are often so badly 
disintegrated and weathered that their extent, character, and 
structure cannot be determined. These formations may be 
grouped under two broad divisions. ‘The older consists of de- 
posits of Palaeozoic or Mesozoic age while the younger belong 
to the Tertiary. In this report, their description will be con- 
sidered under the two broad divisions just mentioned. 

It is not the object of this paper to deal very extensively 
with the pre-Tertiary formations. In the course of field inves- 
tigations a considerable amount of detailed information concern- 
ing their extent, character, and structural relations was ob- 
tained. Insomuch as these older rocks form the basement upon 
which the younger formations rest and to a certain extent have 
influenced their mode of accumulation, it seems best to outline 
a few of their more essential characteristics. An old series of 
sediments and voleanic materials, which have been more or less 
metamorphosed, occur in the Olympic and Cascade mountains 
and also in the San Juan Islands. These range over several 
periods in age, but for general purposes of description are 
grouped together under the broad term OLD METAMORPHIC 
sertes. Intrusive into these are plutonic rocks, largely of inter- 
mediate chemical composition. They are described as the iInpEx 
GRANODIORITES. On the western side of the Olympic Mountains 
there is an extensive series of sandstones, shales and conglom- 
erates which are sometimes partially metamorposed. The term 
HOH FORMATION has been applied to these deposits. On the 
north side of the San Juan Islands and in northern Whatcom 


County, the upper Cretaceous or Chico formation is present. 
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OLD METAMORPHIC SERIES. 
GEOGRAPHIC DISTRIBUTION. 

This series of late Palaeozoic and early Mesozoic age which 
have been more or less metamorphosed undoubtedly underlie 
nearly all of the younger formations of western Washington. 
In the southwestern part of the state and in the Puget Sound 
Basin they are covered over with later Tertiary strata. They 
do, however, constitute the surface rocks in three distinct gco- 
graphical areas. The largest of these involves the western 
slope of the northern Cascades in Whatcom, Skagit, Snohomish, 
King and Pierce counties. To the west, almost the entire area 
of the San Juan Islands is composed of these metamorphic rocks. 
The central core of the Olympic Mountains forms the third area. 

WESTERN SLOPE OF NORTHERN CASCADES. 

From the summit of the northern Cascades westerly to the 
gravel covered plains of the Puget Sound Basin are high moun- 
tain ridges composed of quartzites, slates, schists and igneous 
rocks. These have been examined only in limited areas. In the 
valley of Skagit River north of its junction with the Sauk are 
exposures of partially metamorphosed sandstones interbedded 
with chert, breccias and slates. Along with these are lenticular 
bodies of crystalline limestone. The general trend of the strata 
is North 70° West, with a dip to the southwest, varying from 45° 
to vertical. Similar exposures occur northward along Baker 
River. In the high mountainous region between the Skagit and 
the north fork of Stillaguamish River and also south of Dar- 
rington, similar formations are exposed, but showing more in- 
tense metamorphism. Farther south, along the south fork of 
the Stillaguamish and east of Granite Falls, quartzites with 
interbedded metamorphosed voleanic rocks and slates are ex- 
posed. From this region they constitute a belt extending south- 
easterly toward Gold Bar and after crossing Skykomish River 
swing around to the east, past Index Mountain. In the vicinity 
of the town of Index these metamorphic rocks have been de- 
scribed as the Gunn Peak formation. In this particular region 


the formation consists of quartzites showing various stages of 
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metamorphism and interbedded with these are schists, slates, 
crystalline limestones and cherts together with intercalated 
metamorphosed lava flows. 

The quartzites as a rule form units of considerable thick- 
ness. They vary in color ranging from a pure white to a dark 
gray. Occasionally they exhibit well defined banding but more 
commonly are massive. In the near vicinity of large masses of 
granite or diorite they show the effects of intrusive action and 
are sometimes twisted and gnarled in such a way that the 
structure is difficult to determine. In some localities they have 
been extensively fractured and the intersecting cracks or open- 
ings are filled with quartz in the nature of small gash veins. 

Because of the great disturbances which these rocks have 
undergone, it is difficult to estimate their original thickness. In 
the area east of Index a detailed examination was made of these 
rocks and a minimum thickness of at least 10,000 feet was es- 
tablished. Three fourths of this amount is composed of quartzite 
and the remainder is made up of slates and schists. 

In King County excellent exposures of the quartzites and 
schists may be seen in the valleys of the North, South and Middle 
forks of Snoqualmie River. These rocks have been extensively 
invaded by granodiorite magmas and the metamorphic rocks oc- 
cur largely in the form of residuals. In many places the original 
shaly phases have been converted into mica schists. Both the 
quartzites and schists extend northeasterly into the Skykomish 
Quadrangle and may possibly connect with the southern exten- 
sion of the Gunn Peak formation. 

In western Snohomish County mica schists and quartzites ex- 
tend from the Cascade Mountains and suddenly disappear be- 
neath the alluvium of Skagit River flats. Kultus Mountain, as 
well as the small rock hills projecting up through the alluvium, 
is composed of these rock types. Westerly they become more 
prominent again and constitute the bulk of Fidalgo Island as well 
as the major portion of the San Juan Island group. They con- 
tinue on westerly from the San Juan Islands into the central 


core of Vancouver Island. 
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OLYMPIC MOUNTAINS. 

Quartzites and slates occur in the central part of the Olym- 
pic Mountains. Outcrops of these rocks may be seen along the 
canyon of Elwha River as well as along the main crest of the 
range leading up to Mount Olympus. Similar exposures occur 
at the headwaters of the Queets, Queniult and Hoh rivers. These 
formations may be the equivalent of those occurring in the nor- 
thern Cascades or possibly younger than these. Future detailed 
studies will be required to determine these points. 


INDEX GRANODIORITE. 
ARBAL DISTRIBUTION. 

The Index granodiorite outcrops typically near the town of 
Index in Snohomish County about thirty-six miles east of Ever- 
ett (Plate X). Its continuation may be traced northwesterly 
where it is exposed at intervals as far as Granite Falls. At the 
latter place it outcrops in the hills just east of the town as well 
as to the north in the canyon of Stillaguamish River. It has 
been intruded into an older series of metamorphic rocks which in 
the vicinity of Index have been referred to as the Gunn Peak 
formation. In the vicinity of Granite Falls it is also intrusive 
into quartzites and slates which are presumably of the same age 
as the Gunn Peak formation. It is quite probable that the in- 
trusion of these magmas has in part produced metamorphism. 
Over a large part of the intervening country between Index and 
Granite Falls erosion has not as yet completely removed the over- 
lying quartzites so as to expose the granodiorite. To the south 
and southwest of Index the granodiorites are unconformably 
overlain with a series of volcanic lavas of Tertiary age. 

CHARACTER OF OUTCROPS. 

The granodiorites are resistant to erosion and form high 
rugged mountain ridges with great talus slopes fringing their 
sides. They have been vigorously scoured by glacial action. 
Cirques and glacial lakes have been produced as a result in the 
higher elevated portions of the granodiorite outcrops. In the 
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vicinity of Granite Falls the exposures do not occur very much 
elevated above sea level. In the San Juan Islands small isolated 
patches of granodiorite may be seen intrusive into the older 
metamorphics. These may possibly be contemporancous with 


the Index granodiorites. 
PETROGRAPILIC DESCRIPTION. 


The granodiorite varies much in general appearance in dif- 
ferent parts of the country and is locally referred to by the 
miners as granite. he most typical phase of this rock is well 
exposed in the Soderberg quarry, about one mile west of Index 
in Snohomish County on the Great Northern Railway. The en- 
tire mass is here seen to be uniform in character in contrast to 
the mottled appearance which it possesses in many other parts 
of the district. Specimens collected from different parts of the 
quarry show a uniformity in texture, mineral composition and 
color. Megascopically the rock is holocrystalline, medium 
grained, dense, of a light gray color and breaks in large blocks 
with a slight tendency to a conchoidal fracture. When care- 
fully examined the hand specimens are seen to be composed of 
light colored feldspars, hornblende, and varying amounts of 
biotite and quartz. Occasionally small crystals of apatite may 
be seen. A more detailed study of the feldspar crystals proves 
them to be plagioclase with only a very small amount of ortho- 
clase. When examined microscopically these specimens are found 
to be composed of about 40% plagioclase, 10% orthoclase, 80% 
hornblende and biotite and 20% of quartz, together with oc- 


casional crystals of apatite and titanite. 


CORRELATION. 

The exact time during which the Index granodiorite was in- 
jected into the earth’s crust cannot be absolutely determined. 
If the metamorphic series into which it is intruded is of Car- 
boniferous or Triassic age, which appears most probable, it 
certainly must have been intruded at some time later than the 


Triassic. It is overlain unconformably by Tertiary voleanics. 
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Granodiorites of similar character occur to the southeast in 
the vicinity of Mt. Stuart and are found to be intrusive into an 
old series of metamorphic rocks of presumably Carboniferous or 
Triassic age. It is overlain unconformably by carly Eocene 
sediments locally known as the Swauk formation. 

Both in the Index and the Mt. Stuart region the granodiorite 
is younger than the metamorphic series and older than the Ter- 
tiary formations. Thus the only possible time for its intrusion 


was during the Jurassic or Cretaceous. 


HOH FORMATION. 
GHOGRAPHIC DISTRIBUTION, 

Along the western coast of the Olympic peninsula in Jeffer- 
son and Clallam counties there are extensive outcrops of sedi- 
mentary rocks possessing certain characteristics differing some- 
what from the other sedimentary formations within the state. 

To this assemblage of strata the general term Hoh forma- 
tion is applied. Areally these rocks constitute the surface out- 
crops over a belt approximately 60 miles in length by 15 miles 
in width and trending parallel to the coast. The northern limit 
of this belt lies on the south side of the divide extending from the 
central portion of the Olympics northwesterly toward Cape 
Flattery. It crosses the wagon road from Clallam to Forks in 
the vicinity of Beaver Lake and trends northwesterly in a di- 
rection approximately North 50° West and intersects the ocean 
shore line about two miles south of the Point of the Arches, or 
ten miles south of Cape Flattery. North of this line no out- 
crops of this formation have been recognized within the state 
of Washington, although it is possible that they may be repre- 
sented on Vancouver Island. From the Point of the Arches 
southward along the ocean, exposures of the Hoh formation are 
almost continuously present in the bluffs. In the vicinity of 
Quillayute River a small local area of the Montesano formation 
of Upper Miocene age is found resting upon the Hoh formation. 
With this exception the latter continues predominately south 
ward to a point three miles below the mouth of Queets River. 


Here another small area of the Montesane formation is found 
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resting upon the Hoh, or possibly faulted down into it. South- 
ward from Raft River for a distance of three miles the Hoh for- 
mation is exposed along the beach and then to the south is again 
covered with the Miocene formations. At a point about one and 
one-half miles north of Cape Elizabeth, in the cliff along the 
ocean, outcrops of the Hoh formation are exposed for a distance 
of about one thousand fect. Apparently here they have been 
brought to the surface by faulting. This fault has caused the 
Hoh strata to appear in the south bank of Queniult River about 
four miles above its mouth in Section 6, Township 21 North, 
Range 12 West. South of Queniult River no outcrops are 
known which may be definitely assigned to the Hoh formation 
with a possible exception of some sandstones outcropping at the 
water’s edge near the mouth of Copalis River. If they are 
again found to reappear southward it must be at some point in 
the coast ranges of Oregon. 

The areal extent of the Hoh formation easterly into the 
Olympic Mountains has not been definitely determined. Ex- 
aminations have been made of the rock exposures along the 
Queets, Hoh, and Soleduck rivers for a distance of over twenty 
miles from the ocean and the only formation encountered was 
the Hoh. From the close resemblance of certain strata out- 
cropping along the course of Elwha River and the headwaters 
of the Quects and Queniult rivers in the vicinity of Mt. Olympus, 
it is possible that the Hoh formation exte nds into the heart of 
the Olympic range. 

CHARACTER OF OUTCROPS. 

The most important topographic feature of the western 
side of the Olympic peninsula is an uplifted coastal plain rang- 
ing from 15 to 20 miles in width and trending from Grays Har- 
bor northwesterly to the Cape Flattery axis. This plain ranges 

elevation from 250 to 600 feet above sea level. Easterly it 
gradually rises and merges into the Olympic Mountains. ‘To 
the south it becomes a part of the plain bordering Grays Har- 


bor. Its surface is undulating in character and across it trend 
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several river valleys such as the Queniult, Queets, Hoh and 
Quillayute. The bed rock or pre-Pleistocene surface of this 
area consisting almost entirely of the Hoh formation has been 
unevenly veneered over with sands, clays and gravels of fluviatile 
origin, all of which are resting approximately horizontal. 

Over a large part of this coastal plain the Pleistocene 
gravels and sands constitute the surface outcrops. It is only 
where the rivers have carved their channels through this cov- 
ering and down into the underlying bedrock, that the strata of 
the Hoh formation are exposed. Sometimes these exposures 
consist of outcrops exposed only a few feet above the water’s 
edge. In other cases they stand as high, bold bluffs and in a 
number of instances form rocky gorges through which the 
streams flow. Wherever the bed rock exposures outcrop away 
from the main stream courses they appear to represent promi- 
nent topographical features in the nature of monadnocks as re- 
lated to the Pleistocene gravels. 

Along the ocean shore line excellent exposures of the various 
strata composing the Hoh formation may be seen almost con- 
tinuously. Occasionally, however, their upper surface passes 
down below sea level and the overlying Pleistocene sands and 
gravels form the ocean bluffs. The cliffs along the ocean, where 
composed of outcrops of the Hoh formation, range from a few 
feet to over three hundred fect above sea level and sometimes 
project out into the ocean as bold headlands so as to be im- 
passable even at the lowest tides. The character of the out- 
creps are such that excellent exposures of the Hoh formation 
tay be obtained at intervals over a large part of the western 
portion of the Olympic peninsula. Observations have been re- 
corded in the field wherever possible. These observations have 
been tied into a continuous tape and compass traverse extended 
along the ocean shore line and up the more important streams. 
From these observations it has been possible to determine the 
lithologic character of the formation and to a certain extent 


the geologic structure which it now assumes. 


The Tertiary Formations of Western Washington vA 





LITHOLOGY. 

The materials composing the Hoh formation are almost en- 
tirely of sedimentary origin although these in places have been 
subjected to slight metamorphism. If the assumption be cor- 
rect that the quartzites and slates comprising the central por- 
tion of the Olympics also belong to the Hoh formation, the 
series as a whole may be regarded as having undergone differ- 
ential metamorphism. The lithologic appearance of all the 
strata along the western border of the peninsula is typical 
throughout the entire area and generally can be easily distin- 
guished from strata composing any of the formations in west- 
ern Washington. They consist chiefly of sandstones, shaly 
sandstones, sandy shales, shales and conglomerates. The sand- 
stones are commonly medium to coarse grained with a some- 
what gritty appearance. They are nearly always firmly con- 
solidated and possess a grayish brown color. Generally small 
angular fragments of black slate may be seen in them. These 
sandstone layers are often six or seven hundred feet thick and 
contain occasional lenticular layers of conglomerates. Often 
these massive sandstone belts, in a very short distance along 
their strike, rapidly grade over into conglomerates. Another 
characteristic phase of this formation is a bluish gray, coarse 
grained, gritty sandstone which when examined carefully is 
generally found to contain a considerable amount of muscovite, 
sometimes in sufficient amount to give the sandstone a somewhat 
banded and scaly appearance. It is generally in this type of 
sandstones that indications of petroleum are found. This sand- 
stone sometimes becomes more or less shaly and is often inter- 
bedded with very narrow bands of dark brown shale. Upon 
weathering such outcrops are rapidly converted into mud banks 
so that the original geologic structure cannot be determined. 
Typical examples of this may be seen between the mouth of Hoh 
River and Hoh Head as well as at numerous other places north- 
ward along the shore line. 

Certain sandstones in the Hoh formation have a laminated 


appearance so that they may be easily broken into huge slabs 
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each of which will average four or five inches in thickness. Good 
examples of this type are illustrated on Salmon River about two 
miles south of its junction with the Queets. 

The shales range from a gray to a chocolate brown, They 
are sometimes massive but often occur in narrow bands alternat- 
ing with more sandy material. Sometimes small lenticular 
masses of hard, flinty limestone are interspersed among the 
shales. These vary from three feet to fifteen feet in length 
and weather out in nodular form. As a rule the shales disin- 
tegrate much more easily than the sandstones and it is in this 
phase of the formation that the valleys and gullies have been 
largely carved. Along the beach the coves are almost invariably 
developed in the shaly phase of the formation and the higher 
headlands in the sandstone. 

GEOLOGIC STRUCTURE. 

During the course of field investigations observations were 
taken on the strike and dip at as many points as possible. These 
have been platted upon Map A, Plate IV. The structure has 
been definitely worked out along the coast but inland sufficient 
data are not at hand to determine the continuation of the coast 
structure. In the vicinity of Forks in Clallam County an an- 
ticlinal axis trends nearly south, crossing Bogachiel River in 
Section 38, Township 28 North, Range 13 West. (Plate XI.) 
This may continue southward as far as Hoh River and if so 
would cross it in Township 26 North, Range 12 West. More 
detailed data must be obtained in order to establish this point. 
A well defined syncline trending nearly north and south crosses 
Bogachiel River in Section 23, Township 28 North, Range 14 
West. This has been traced as far as the Clallam-Jefferson 
County line, but has not been established farther to the south. 
Along the coast from Queets River northward to Point of Arches 
at least eighteen anticlinal and synclinal axes exist. With two 
or three exceptions these possess a northeast-southwest strike 
extending diagonally to the coast. In only a few instances have 
they been traced more than two miles inland. In many cases 


they have the appearance of minor warps developed on the limb 


The Tertiary Formations of Western Washington 73 





of a supposed large sub-marine anticlinal axis lying west of the 
present coast line. On the south side of Queets River an anti- 
clinal axis crosses Salmon Creek about two miles south of jts 
mouth and trends southwesterly into the Queniult Indian Reser- 
vation. A similar axis crosses Queets river about two miles from 
its mouth. Two miles north of Cape Elizabeth the bluffs com- 
posed of low-dipping Miocene sandstones are suddenly replaced 
by dark chocolate colored shales. While no actual contact be- 
tween the two may be seen, yet the sharp discordance between 
the strike and dip give direct evidence of faulting. About one 
thousand feet north of this fault the shales are replaced by Mio- 
cene sandstones. Four miles east of Queniult River, in the 
southern portion of the big bend, a fault may be detected whose 
trend is North 45° West. The intervening area is heavily cov- 
ered with fluviatile deposits so that the underlying bed-rock is 
entirely concealed. It is probable, however, that a narrow fault 
block of the Hoh formation has been thrust into the upper Mio- 
cene. 

Along the coast between the mouth of the Hoh River and 
Hoh Head excellent exposures of the Hoh formation may be ob- 
served. (Plate XII). Hoh Head itself is composed largely of 
massive brown sandstone. At its western end a small cove has 
been developed and a synclinal axis trending nearly east and 
west has folded down a few hundred fect of overlying shale. Be- 
eause of the non-resistance of the shales to erosion a cove has 
been formed at this point. Immediately south of Hoh Head and 
north of the high conglomerate point just north of the mouth of 
Hoh River a synclinal axis trends North 30° East. Where this 
axis intersects the coastline a cove has been developed in an ex- 
tensive series of sandy shales underlying the massive sandstone 
of Hoh Head. From Hoh Head northward along the coast for 
a distance of ten miles an anticlinal axis appears to lie just off 
the shore beneath the waters of the ocean. It passes inland 
again in Section 1, Township 27 North, Range 15 West and 
crosses Quillayute River about one-half mile east of Mora. 
Northward from the mouth of the Quillayute the Hoh forma- 
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tion is involved in several synclines and anticlines and finally 
passes beneath the Eocene(?) basaltic formation exposed at 
Point of Arches. The formation is exposed in places along 
Dickey River east of Ozette Lake but insufficient data have 
been obtained to determine its structure. The eastward con- 
tinuation of this formation has been traced into Township 29 
North, Range 12 West, where it is found to be badly broken and 
shows the effect of greater metamorphism. Whether it extends 
eastward into the heart of the Olympic Mountains from pres- 
ent evidence cannot be determined. 
STRATIGRAPHY. 

Wherever possible along the coast, detailed stratigraphic 

measurements of the strata in the Hoh formation were made. 


In every case such sections have been tied into traverse surveys. 


A continuous traverse was run from Moclips to Cape Flattery 
and the station numbers referred to in the following sections 
are points upon that traverse. There are insufficient data at 
present to determine in which particular portion of the Hoh 
formation each of these sections belongs. Inland from the ocean 
shore line the exposures are so limited that it is impossible to 
correlate one with another. Faulting has also complicated the 
structure. 

The following section represents partial measurements from 
Station No. 133 at a point north of the mouth of Kalaloch River 


to a point at the mouth of Cedar River: + 


Top of Section Feet 
Massive brown sandstone......-+seeereerecerreercces 110 
Massive SAMAStOME sic 0 20:6 25 25a eri sesey sem see ter onesie snore Shs 180 
Clovered. _ & cibdes s,s saloret sn strain the coger ods inceye rer apmteliags eos Tapco macs 120 
Banded sandstone with intercalated shale bands...... 56 
Interbedded shale and sandstone, sandstone predominating 22 
COVOLOE x cescs cis. 0 wrdhe grele Sc biwns evs es weraga muavalsuaneas, hi ails hepa nna 400 
Massive Sandstone % nc. 2 secs ety nm aie eas eee OR reien 200 
Covered—but where exposed mostly shale......++++++: 500 
Massive SANndstoOne «2... cece tsar te vises reese eee nes 60 
Massive Sandstone <6 ove esc sas se ow cary otoeisnie <ie> armel 53 
Banded: SANGStONE <e acs ss Fis eielas sie erie we wi sien areas 6 
Massive sandstone .......cesecressecrssseresecewces 28 
Janded Sandstone «couse se «res sn seis sale since asia se ee 2 
Massive sandstone .....caceccnsccevsseecsesseaccuals 6 
Banded sandstone 


Massive sandstone 


+t 
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Top of Section Feet 
SUNIL: 05 endo GUMS Ai a ee en gag RN A en 1 
MEA OSUVETIN AICS LOME Sr tues sa teas che aser avs <four, seats, note elas ches Sine ie 
movered——probably~ Shaler wc eases oases caste ce sens 150 
ESURTHCS. atare e5E Sne Ai ech Oren oC Re OPEN ral eee? sae IER = ean a 150 
Pas UVe: NANGSTONE visa, oaccrternt sacle ot c.atiealule sie ten tes 100 
ExarMeM gan OS LON Gr; scaiopiieun a aliersPaie acon rota eenl cha hohe een 2 
MISE hVen sa MOS COMEr: ve oye fs, aacstiskexexeeerin, hale coo Povetols ns ovate a 6 
SAMA Ms SANASLONG 4oye2 eteleyuis eh aidiore tele a laysre le. chore Oa wkels ace 9 
Piemes ee NMOS LOMEG aerate, Pasatieye cecreects Oo ORLo eas Ooi ale ee ee 25 
PONCE CH ESATO STON pes stictete ce, st akste teve'e sexes ocmtca Ie aitiela aie 6 
Alternating bands of shale and sandstone............. 24 
miichits: 5.5. gs0 PBI RCI RG Bee cra ae nee Seen Sn a 56 
chocolate colored shale io... 5... tat eecclnc 0 odie el erm < 50 
RU eV CIASATINS LONGI. 5 caaet a svatainl.ostalonls dated wee aavcl ane caine 20 
AGS AL STATION NOs 1TOS secrete ic tacos a ane ave niowace le audatehe o () 


Mostly covered—where exposed a massive gray sandstone 400 
Covered—where exposed hard conglomerate and meta- 
morphic rock—largely determined from stacks located 
at intervals along the coast. This region may repre- 
sent the true base of the Hoh formation. 
Base of Section oe 
PINGS teh Igmeremetres Wars Os) cleRegetete a Wuoeartha, ee ten hom tesnctouere anions 2741 


The following section was measured along the coast from 
Station No. 360 to No. 407. The base of this section is at 
Station No. 360. The line along which the section was meas- 
ured is approximately five miles north of the mouth of Quillayute 


River, in southwestern Clallam County. 


Top of Section Feet 
PEON TIE IMASST VG *SANGSUONEs.\. dyacsis-cxese 6-oyele ersveceeuecsiehe sie 100 
Massive brownish gray sandstone with some conglom- 

COR EIGN De@biqsedt Seg MERC RR LEVEE ETE Renae, CAS Cerne. a eRe Meare ch eee 1500 
VMSA OSLOINGE cease ava crenniot aces tle SAM are ba ole che hvevene 200 
Interbedded gray sandstone and shale................ 500 
PEM EUVMES TAT Coy, Meier we eta tieitaussefavena, cnet bucks ha rol alate Suscarnl chcitacelt 600 

Base of section —— 

GUA lawn cM Pris gs, syetakiyey cliche micas: cheba. aleistouitertcy ciereit eee cate 2700 


CONDITIONS OF DEPOSITION. 


The Hoh formation was laid down either on the coastal 
margin of the ocean direct or in an extensive embayment of 
the ocean. The fact that massive conglomerates and coarse- 
grained gritty sandstones alternate with enormous thicknesses 
of shale suggest oscillations in the depth of the sea-floor. Oc- 
casionally fragments of carbonized wood or small lenticular 
seams of lignite occur interbedded with gravel or conglomer- 
ates. These conglomerates may represent deposits formed 


along former beaches or even along the lower portions of stream 
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valleys. A microscopic examination of the shale phases of the 
formation indicate the presence of marine diatoms and foram- 
inifera. These forms of life may have thrived in the deeper 
waters. Because of the total absence of marine invertebrate 
fossils other than those just mentioned and the absence of plant 
remains, it is impossible to arrive at any conclusion concerning 


climatic conditions. 
FOSSILS. 


Although a careful search has been made for fossil Mol- 
luscan remains within the Hoh formation, not a single frag- 
ment has as yet been found. A portion of a small leaf of un- 
determined species was collected from the first headland south 
of Raft River. In the vicinity of Hoh Head brownish colored 
shales outcrop which upon microscopic examination are found 
to contain numerous remains of diatoms. Nearly all the shale 
exposures which show the presence of diatom remains possess 
the odor of petroleum. Fragments of shale brought up from 
a depth of seventeen hundred fect in the oil well at Forks con- 
tain the remains of numerous foraminifera. These shales also . 
have a pronounced odor of petroleum. 

CORRELATION. 

The exact age of the Hoh formation is not certain. It is 
certainly older than the Miocene and apparently older than 
the Eocene (?) basalts as exposed south of Cape Flattery. It 
is less metamorphosed than the older Carboniferous and Tri- 
assic rocks of the San Juan Islands and northern Cascades. It 
might possibly be of the same age as those just mentioned but 
have undergone a lesser degree of metamorphism. As far as 
known no massive intrusive rocks occur within the Olympics. 
If they are present they are of minor importance. This fact 
might account for the difference in degree of metamorphism 
and still allow them to be of Carboniferous or Triassic age. 
They do not, however, contain the large limestone masses that 
are so commonly associated with those older formations in the 
northern Cascades, San Juan and Vancouver islands. They do 


not bear any resemblance to the upper Cretaceous rocks as ex- 
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posed along the northeast coast of Vancouver Island. They 
are presumably older. It is quite possible that they may be 
of Jurassic age. These suggestions are based entirely upon 
lithological evidence which forms a very insecure basis for cor- 
relation. 

CHICO FORMATION. 

GENERAL STATEMENT. 

The Cretaceous deposits of the Pacific Coast have been 
divided into three divisions. These are referred to as the Knox- 
ville or lower Cretaceous, the Horsetown or middle Cretaceous, 
and the Chico or upper Cretaceous. With the exception of 
the possible occurrence of the Knoxville in Whatcom County, 
the Chico formation is the only Cretaceous deposit known with- 
in the western half of the state. 

Chico strata are known to occur in the Queen Charlotte 
group, as well as on the northeast side of Vancouver Island.* 

GEOGRAPHIC DISTRIBUTION, 

In western Washington strata of Cretaceous age are found 
in the northern portion of the San Juan Islands and in the 
northern portion of Whatcom County. With the exception of 
these localities, rocks of Cretaceous age are unknown in west- 
ern Washington. However, they may possibly exist deeply 
buried beneath an enormous overburden of Tertiary strata. 
The upper Cretaceous or Chico strata as exposed in the San 
Juan Islands are the southeastern extension of a thick series 
of sedimentary rocks exposed along the northeast coast of Van- 
couver Island. They disappear to the east in Sucia Island, 
but may possibly exist beneath the glacial covered plains north 
of Bellingham. 

In the San Juan group, the Chico formation composes all 
of Sucia Island, Patos Island, the extreme northern part of 
Orcas Island, all of Waldron Island, Stuart Island and several 
smaller unnamed islands off the north end of San Juan Island 





* Descriptions of new Cretaceous fossils from Vancouver and Sucia islands. 
Proceedings, Academy of Natural Science, Philadelphia, vol. 13, pp. 313-314. 
1861. 
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proper. To the northwest these outcrops continue to Saturna, 
Mayne, Pender, and Galiano islands on the British side. 
CHARACTER OF OUTCROPS. 

The general character of the outcrops has been largely 
determined from the structure which the strata assume. The 
harder conglomerates and sandstones constitute the higher hills 
and mountains while the valleys and sub-marine channels have 
for the most part been developed in the softer shale members. 
On Oreas Island the softer Cretaceous rocks form low hills com- 
pared with the harder metamorphosed formations just south 
as represented in Turtle Back Mountain and Mt. Constitution. 
Sucia Island is nearly divided by an east-west embayment 
which has been carved into the soft shales leaving the harder 
rock to form the north and south portions of the island. Wal- 
dron Island is more nearly circular and owes its gener: al form 
to the resistent character of the conglomerates and sandstones 
which so largely compose it. 

LITHOLOGY, 

The Chico formation as exposed in the San Juan Island 
group is composed of massive and bedded shales, and extensive 
belts of alternating beds of shales and sandstones. The series, 
as a whole, has not been metamorphosed. The pebbles com- 
posing the conglomerates have nearly all been derived from the 
underlying metamorphic formations. They are composed 
quartzites, granite, diorite and gabbro gneisses. The pebbles 
range in size from that of a marble to boulders over five feet in 
diameter. Probably from 4 to 6 inches in diameter 1s the average 
size. These conglomerate masses resist w sathering and con- 
stitute the more important topographic features of the forma- 
tion. Interbedded with these conglomerates are irregular 
shaped bands of grit and sandstone. Commonly these widen 
out so as to allow the conglomerate belt to develop into an 
alternating series of sandstones and conglomerates. Some- 
times they grade over into massive sandstones which contain 
small cross-bedded lenses of conglomerate and then back again 


into conglomerate proper. 
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The sandstones are most commonly coarse-grained, of a 
light brownish gray color and sometimes showing cross-bed- 
ding. The shales vary from a light gray to a predominating 
chocolate brown. They are often distinctly bedded, although 
sometimes massive. On the north side of Oreas Island they 
alternate as very narrow bands with sandstone. 

No igneous rocks, either extrusive or intrusive, have been 
found associated with the Chico formation in the San Juan 
Island group. 

CONDITIONS OF DEPOSITION. 

The Chico formation as represented in the northern part 
of the San Juan Islands in common with that of the east coast 
of Vancouver Island was deposited in an embayment of the 
ocean formed between the main axis of Vancouver Island and 
the British Columbia mainland. This arm appears to have been 
cut off at the south of the Straits of Rosario by a mountainous 
mass extending from the present site of the Cascades, through 
the San Juan Island group into Vancouver Island. The lower 
portion of the formation appears to have been formed under 
comparatively shallow water conditions, the middle portion of 
the formation in deeper water, and the upper portion under 
shallow water and in part under fluviatile conditions. The lat- 
ter is evidenced by the extensive series of non-fossiliferous in- 
terbedded conglomerates and sandstones. 

GEOLOGIC STRUCTURE. 

The strata involved in the Chico formation in the northern 
portion of the San Juan group in common with those along the 
northeast coast of Vancouver Island have been folded into a 
series of northwest to southeast anticlines and synclines. On 
the north side of Orcas Island the strata rest unconformably 
upon the older metamorphic formations and dip at an average 
angle of 60° to the northeast. On Waldron Island the formation 


has been folded back so as to form the nose of a syncline. 
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CHAPTER III. 
EOCENE FORMATIONS. 


GENERAL STATEMENT REGARDING THE TERTIARY 
AS A WHOLE. 

West of the crest line of the Cascade Mountains within the 
state there are extensive deposits of Tertiary age. These de- 
posits consist of rocks of sedimentary and igneous origin. The 
sedimentary materials are composed of sandstones, shaly sand- 
stones, shales and conglomerates. The igneous rocks consist of 
lava flows of varying texture, volcanic tuffs, dikes, sills and in- 
trusive plutonic rocks. The formations of surface origin pos- 
sess a maximum aggregate thickness of over 35,000 feet not 
all of which is present in any one particular locality. For the 
most part they are firmly indurated but have not been meta- 
morphosed. The basement complex upon which they rest is 
composed of quartzites, slates, schists, gneisses and various 
types of intrusive rocks all of which have been subjected to more 
or less deformation and erosion. Formations of Tertiary age 
are largely absent from the central portion of the Olympic 
Peninsula, the San Juan Islands and portions of the Cascade 
Mountains. 

The following subdivisions of the Tertiary have been made 
within the western portion of the state upon a basis of the 
information obtained in this investigation : 


{ Diastrophism, voleanism, glaciation and erosion. Develop- 





7 ®) T ry 
QUATERNARY...) nent of the present Cascade Range. 
{ Largely a record of diastrophism and _ erosion. Tgneous 
PETOCHIN EL. ...... : activity in eastern Washington. The upper portion of the 
Montesano formation may in part belong here. 
(Upper Miocene. Montesano formation containing Yoldia 
FS 5 ° strigata Zone. 
MIOCENE......- Unconformity— 
| Lower Miocene. Wahkiakum Horizon containing Area mon- 
tereyana Zone. 
( BLAKELEY HORIZON. Characterized by <Acila gettysburg- 
ensis Zone. 
BR PORTER HORIZON. Characterized by Turritella porter- 
OLIGOCENE..... q ensis Zone. 
| LINCOLN HORIZON. Characterized by  Molopophorous 
lincolnensis Zone. 
\ Upper Eocene Tejon formation. Tgneous, estuarine marine 
BOCENE......-- 2 and lacustrine phases. 


| Lower Eocene Martinez formation. Wanting. 
Zasement complex of Palaeozoic and Mesozoic rocks largely 
metamorphosed. 
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Deposits containing a fauna representative of the Martinez 
epoch or lower Eocene have not as yet been recognized within 
the state. It is possible, although not certain, that the Swauk 
formation of eastern Washington may in part be the equiva- 
lent of the Martinez. Deposits of marine, estuarine and fresh 
water origin together with intercalated flows of lava and tuff 
are well developed and possess a maximum thickness of 15,000 
feet. The marine sedimentary phases of these deposits con- 
tain a rich marine invertebrate fauna characteristic of the 
Tejon epoch or upper Eocene of the Pacific Coast. The lacus- 
trine or fresh water phase of the formation is best developed in 
the central and eastern portion of the Cascade Mountains. The 
estuarine phase occurs in the western foothills of the Cascades 
and in the form of small lenses interbedded with the predomi- 
nating marine phase of southwestern Washington. The vol- 
canic phase, which consists of lavas ranging in composition 
from basic andesites to acidic basalts, occurs in the form of 
flows of varying thicknesses intercalated with the marine and 
estuarine sediments. These lavas range in texture from typical 
voleanic ash and flow breccias to microcrystalline and glassy 
types. The materials have in part at least escaped to the sur- 
face through fissures and accumulated both on the land sur- 
faces as well as upon the floor of the upper Eocene embayments. 
Faunal and floral evidences indicate the existence of a tropical 
to sub-tropical climate during the entire Tejon epoch. 

During the Oligocene epoch marine embayments were much 
more widely extended throughout Washington west of the pres- 
ent site of the Cascades than during the Eocene. The deposits 
formed in these embayments attained a maximum aggregate 
thickness of 14,000 feet. They are almost entirely of marine 
origin and contain abundant and in many cases excellently pre- 
served invertebrate faunas. Three distinct faunal zones can be 
recognized. The strata identified by each of these zones are 
referred to as horizons. The oldest Oligocene within the west- 
ern portion of the state is identified as the Lincoln Horizon and 


contains the Molopophorous lincolnensis Zone. The middle di- 
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vision is known as the Porter Horizon or Turritella porterensis 
Zone and the upper division as the Blakeley Horizon or Acila 
gettysburgensis Zone. The materials deposited in the Oligo- 
cene embayments consist largely of shaly sandstones and sandy 
shales together with minor amounts of conglomerate, sand- 
stones and shale. Volcanic lava flows are almost entirely absent 
from the Oligocene formations with the exception of certain 
areas north of Columbia River in Pacific County. Many of the 
shales and sandstones are derived from rock of volcanic origin. 
The principal areas where deposits of Oligocene age now form 
surface outcrops are along the north border of the Olympic 
Peninsula, the Puget Sound Basin and southwestern Washing- 
ton. 


During the lower Miocene the marine embayments became 
much more restricted than during the Oligocene and the de- 
posits formed are now found outcropping in the vicinity of 
Clallam Bay on the south shore of the Strait of Juan de Fuca, 
in the Grays Harbor region and on the north side of Columbia 
River in Wahkiakum County. The maximum thickness in the 
region of Clallam Bay as well as at Grays Harbor is approxi- 
mately 4,000 feet. The materials are predominatingly coarse- 
grained sandstones, shales and conglomerates. They contain a 
fairly abundant fauna which is quite distinct from the older 
Oligocene faunas as well as the younger upper Miocene faunas. 
One of the most common and characteristic species occurring 
in this fauna is Arca montereyana Osmont. The fauna occur- 
ring within these deposits is referred to as the Arca mon- 
tereyana Zone and the strata containing the fauna as the Wah- 
kiakum Horizon. Future studies may determine that this 
horizon is the equivalent of the Monterey formation of Cali- 
fornia. Sufficient evidence is not now available to warrant such 
a direct correlation. 

At the close of the lower Miocene the Pacific Coast was sub- 
jected to intense deformational movements. A large part of 


the former sea floor was elevated above sea level. Sediments 
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formerly deposited were folded and faulted. The newly elevated 
land areas were attacked by erosional agencies and the newly 
derived sediments were during the course of upper Miocene time 
deposited in newly developed embayments. In Washington near- 
ly all of the western portion of the state was elevated during the 
middle Miocene. During the upper Miocene two small embay- 
ments were formed. One of these embayments was situated on 
the western side of the Olympic Peninsula near the mouth of 
Quillayute River and the other to the north and east of Grays 
Harbor. Apparently the land area during the upper Miocene 
extended much farther to the west than at present. The upper 
Miocene sediments in western Washington consist of sandstones, 
conglomerates, and shales of marine, shallow water origin and 
possess a thickness of 2,000 feet. Marine invertebrate faunas 
are abundant and are closely related to the Empire fauna of 
Oregon and the San Pablo of California. Sufficient evidence is 
not as yet available to warrant making correlation of the upper 
Miocene of Washington with the Empire or San Pablo forma- 
tions. The upper Miocene fauna of Washington is referred to 
as the Yoldia strigata Zone from the presence of this most char- 
acteristic species. The strata containing this fauna are termed 
the Montesano Horizon. Montesano formation might appro- 
priately be used. 

Along the western slopes of the Cascade Mountains there 
are extensive deposits of andesitic lavas and interbedded tuffs 
and clays. The older Eocene deposits pass beneath these lavas 
along the western margin of the foothills of the Cascades. Ex- 
posures are well defined from Enumclaw to Cedar Lake in King 
County and the name Enumclaw volcanic series is provision- 
ally applied to them. They are at least two thousand feet in 
thickness in the region studied. They may be the western ex- 
tension of the Keechelus Voleanic Series which have been mapped 
in the Snoqualmie Folio by George Otis Smith and F. C. Cal- 


kins.* 








* Smith, G. O., and Calkins, F. C. Snoqualmie Quadrangle, U. S. Geol. 
Surv. Folio 139, 1906. 
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In eastern King County, north of Cedar Lake, there are 
exposures of granodiorites which are intrusive into a series of 
old metamorphic quartzites, slates and schists. These intru- 
sive rocks may be traced easterly to the summit of the Cascade 
Mountains where they have been mapped in the Snoqualmie 
quadrangle as the Snoqualmie Granodiorite and are regarded 
as being of Pliocene age. In the vicinity of Cedar Lake they 
are also covered with the Enumclaw andesites. 

No marine deposits of Pliocene age have as yet been recog- 
nized within the state of Washington. It is possible that they 
may exist and be buried beneath a mantle of glacial drift. It 
is more probable that they were never formed and that the west- 
ern part of the state as well as the eastern was a land area. 
The geological record of the Pliocene in western Washington 
with the exception of the Cascade Mountains must be sought 
in terms of diastrophism and erosion. 

Early in the Quaternary or possibly in late Phocene time 
the western coast of North America was again subjected to 
deformational movements which caused for a second time the 
uplift of the Sierra Nevadas and Cascades. The present Cas- 
cade Mountains of Washington were developed by a series of 
differential uplifts. The original peneplained surface of the 
present site of the Cascades was warped during the uplift and 
the broad features of the drainage adjusted themselves to the 
structure. Volcanic energies became concentrated at certain 
points beneath the surface of the uplifted peneplain and upon 


it as a base prominent voleanic cones were developed. 


GENERAL STATEMENT OF THE EOCENE. 

No record is available of the geologic history of western 
Washington during the early Eocene epoch. The region was 
presumably a land area not much elevated above sea level. The 
geological history of Washington during the upper Eocene can 
be partially interpreted from a fairly complete record as ex- 
hibited in the surface rock exposures. Marine, estuarine and 
brackish water faunas are abundant as well as land floras. An 


examination of the marine invertebrate species occurring within 
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these faunas indicates a very close relationship to the upper 
Eocene of California, in fact so close as to warrant a direct 
correlation with the Tejon. The basement upon which the 
upper Eocene sediments were deposited is in most localities con- 
cealed. In Skagit, Whatcom and Snohomish counties estuarine 
deposits are resting directly upon schists and slates of Palaeo- 
zoic or Mesozoic age. In the central and eastern portions of 
the Cascade Mountains lacustrine deposits of Eocene age are 
resting upon extensively eroded peridotites and granodiorites 
as well as slates and quartzites of Mesozoic age. In the south- 
western portion of the state as well as in the Puget Sound 
Basin the basal contact relations cannot be determined as they 
are nowhere exposed at the surface. During the upper Eocene 
the Cascades as a range did not exist. The central and south- 
ern portions of the range within the state were presumably not 
greatly elevated above sea level while the northern portion may 
have possessed some relief. The regions now involved within 
the San Juan Islands as well as the central portion of the Olym- 
pic Mountains were apparently land areas which had been up- 
lifted at the close of the Jurassic. Differential oscillations of 
the land areas as well as the sea floor were taking place during 
the upper Eocene or Tejon epoch. Coincident with these move- 
ments the embayments of the ocean were shifting both in area 
and depth. There was a consequent change in the environ- 
mental conditions under which the marine invertebrate fauna 
was existing. A record of these conditions is in part preserved 
in the character and distribution of the fossil faunas as well 
as the lithologic character of the sediments in which the faunas 
were buried. On the present site of the Cascade Mountains 
fresh water lakes of considerable size were in existence. These 
basins were continuously changing in size and may at times 
have had direct or indirect connections with the estuaries to 


the west in central King, Pierce and Lewis counties. 
GEOGRAPHICAL DISTRIBUTION. 


Surface outcrops of upper Eocene age occur in the western 


foothills of the Cascades, in the Puget Sound Basin, on the 
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north flanks of the Olympic Mountains, on the southeastern 
portion of Vancouver Island, in the lower Cowlitz Valley and in 
the hills of southwestern Washington. Over considerable por- 
tions of these areas they are more or less obscured by later lavas 
or tuffs or by deposits of glacial drift. As a result the surface 
exposures of the Eocene formations appear in the form of iso- 
lated outcrops. In some cases it is possible to determine defi- 
nitely that the intervening covered areas are underlain with 
strata of Eocene age. In other instances their presence is only 
conjectural. On the maps accompanying this report an effort 
has been made to represent the distribution of the preglacia! 
formations. Those areas where the surface exposures are of 
Pleistocene age but where there is some evidence to indicate that 
the underlying bedrock formations are Eocene have been mapped 
as Eocene. Where the contacts between Eocene and other bed- 
rock formations are covered the probable approximate position 
of the contact lines have been inserted upon the maps. These 
facts should be borne in mind whenever detailed use is made of 
the maps. 

The surface distribution of the marine, estuarine and ba- 
saltic phases of the Eocene are also designated upon the maps. 
Usually they are interbedded with one another but one phase 
predominates over the other. In every case the predominating 
phase has been mapped. 

Along the north side of the Olympic Peninsula, Eocene ba- 
salts together with interbedded tuffs and shales trend from Port 
Discovery Bay westerly to the Point of the Arches south of 
Cape Flattery. Between Port Angeles and Port Crescent a 
tongue like mass extends northerly to the Strait of Juan de 
Fuca. This belt of lava rests upon the older Mesozoic sedi- 
mentaries of the Olympic mountains and in turn forms the base- 
ment for the overlying marine Oligocene deposits. 

The basalts just described extend southerly around the east 
and south flanks of the Olympic mountains and are also exposed 
in the Bald Hills of central Kitsap County in the Puget Sound 


Basin. If all the overlying deposits of glacial drift were re- 
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moved exposures of basalt would presumably occupy the entire 
southern portion of the Puget Sound Basin from the Olympic 
mountains to the western margin of the Cascades. Outcrops of 
basaltic lava and interbedded sandstones and shales occur in 
the hills south and southeast of Seattle in King and Pierce 
counties. Similar deposits are present in Thurston, Lewis and 
Cowlitz counties. In Pacific, Wahkiakum and Grays Harbor 
counties extensive exposures occur intimately associated with 
younger marine deposits of Oligocene, lower Miocene and upper 
Miocene age. 

In the foothills of the Cascades in western Skagit and What- 
com counties there are small local deposits of sandstones and 
shales of probable lacustrine origin formed contemporancously 
with the estuarine and marine deposits farther south. 

The southeastern portion of Vancouver Island from Albert 
Head westerly to Sambrio River is composed of Eocene basalts 
and basaltic tuffs. Interbedded with the tuffs are shales con- 


taining typical marine fossil invertebrates. 


LITHOLOGY. 


The Eocene sedimentary rocks consist of medium to coarse 
grained sandstones, thinly bedded and massive shales, alternat- 
ing thinly bedded shales and sandstones, sandy shales, shaly 
sandstones, carbonaceous shales and coal seams. The coarse 
grained sandstones are often arkosic in composition and show 
no well defined bedding planes. Occasionally they exhibit cross 
bedding and contain fragments of carbonized wood. When ex- 
amined microscopically they are found to be composed of small 
rounded grains of quartz together with angular and rounded 
grains of badly altered feldspar and fragments of biotite and 
hornblende. The cementing material consists of silica and iron 
oxide. The sandstones when fresh possess a gray color but 
where exposed to weathering range from brownish gray to 
brownish yellow. 

The shales range from a fine grained fissile condition to a 


thinly bedded and laminated condition. Other varieties are mas- 
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sive and show no indications of stratification. They break with 
a distinct conchoidal fracture. Still other varieties are car- 
bonaceous and grade from that condition to an impure shaly 
lignite. Very commonly the shales are sandy and pass to a con- 
dition where they would be classed as a shaly sandstone. The 
shales range in color from a light gray to a dark chocolate. 
Certain of the shales upon microscopic examination are found 
to be composed of fine volcanic products. Some of the coarser 
sandstones are composed of reworked volcanic tuffs. 

Commonly the lavas are composed of flow breccias intermixed 
with coarse pumice and ash. These have been subjected to the 
action of running water at the time of deposition. Extending 
upward from the contact, the sorting action of water becomes 
more pronounced. Illustrations of this phase of deposit may be 
seen in the small rock outliers south of Seattle at Duwamish 
Station. They were probably formed during an epoch of vol- 
eanic activity in close proximity to a region where streams were 
emptying into a marine embayment as marine fossils are often 
associated with deposits only a short distance away. 

The thickness of these several phases varies from place to 
place. Sandstone belts exist having a thickness of nearly 1,- 
000 feet. There are numerous belts ranging in thickness from 
25 to 300 feet. These belts vary in thickness as well as litho- 
logic composition when traced along their strike. Extensive 
belts composed of alternating layers of shale and sandstone of 
varying thickness are very characteristic and make up a con- 
siderable portion of the upper Eocene deposits. 

Andesitic lavas and tuffs in certain areas constitute a large 
part of the Eocene of western Washington. Exposures may be 
seen along Columbia River, Cowlitz River, in the Puget Sound 
Basin and along the north flanks of the Olympic Mountains. 
In nearly all instances they are interbedded with the marine or 
estuarine sediments. In many places they might be mistaken for 
flows of Pliocene or Pleistocene age but areal mapping tends to 
show that marine Eocene strata lie either above them or inter- 


bedded with them. The shales below them are commonly baked 
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near the contact. Occasionally the sedimentary rocks above and 
below certain flows show the action of heat. Such belts of andes- 
ite were presumably intruded in the form of sills contemporane- 
ously with the andesitic extrusions. Instances of this condition 
may be seen in the rock hill outliers at Duwamish Station south 
of Seattle as well as in the rock exposures in Cowlitz County. 

The voleanic materials range in mineralogical composition 
from basic andesites to acidic basalts. They grade in texture 
from dense glassy lavas to coarse grained granular types and 
from fine grained voleanic ash to coarse ejectamenta. These 
several types are often intricately mixed. In certain localities 
as along Columbia River individual flows may be seen resting 
upon one another. Between the different flows there are oc- 
‘asionally deposits of light colored or yellow clay ranging from 
a few inches to a foot or more in thickness. Carbonaceous ma- 
terial is often included within the clay indicating the probable 
existence of vegetation during the intervals between the out- 
pouring of lava. Commonly deposits of light colored volcanic 
tuff of considerable thickness are intercalated with the lava 
flows. 

It very often happens that thick layers of tuff breccia have 
thin tongues of glassy lava intercalated. During the accumula- 
tion of the series quantities of ash and boulders were in contact 
with liquid lava and were in part mixed and carried along with 
it. In certain areas these deposits were forming on tidal flats 
or estuarine basins and much of the finer material was sorted 
and partially stratified. Marine fossils are occasionally found 
within these partially baked shales and tuffs. 

Within the lower Cowlitz Valley and in King and Pierce 
counties narrow andesitic dikes and sills are of common occur- 
rence. They range in thickness from a few inches to over fifty 
fect. In several places as at Coal Creek in Cowlitz County they 
are clearly feeders for the interbedded andesite flows. 

Thin sections of all these various phases were examined 
microscopically. Partial chemical analyses as well as mineral 


analyses place them in the rock classification at the boundary 
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between andesites and basalts. A number of specimens were 
without question typical basic andesites, while other samples 
proved to be basalts. 


THICKNESS. 


Presumably large amounts of the total sediments deposited 
during the upper Eocene have been removed by erosion. The Eo- 
cene strata have been folded and in part covered so that at no lo- 
eality can the entire thickness be observed. In King County de- 
tailed stratigraphic surveys have been made along Green River. 
The base of the formation was not found at any point. From a 
series of careful measurements made in the canyon of Green 
River the Eocene deposits exposed were estimated to have an ap- 
proximate thickness of 8,000 feet. In the vicinity of New Castle 
and Issaquah the Eocene sedimentary rocks have a thickness of 
2,000 feet and rest upon andesites which are also of probable 
Eocene age. They are overlain by marine Oligocene sediments. 

In Pierce County in the region of Carbon River and south- 
ward the Eocene strata attain a thickness of 14,000 feet. Here 
the base of the formation is also unknown. In Thurston County 
Kocene rock outcrops occur as isolated exposures. In the region 
between Tenino and Centralia interbedded sediments and lavas 
are dipping to the south at low angles and possess an estimated 
thickness of at least 2,000 feet. 

In northern Cowlitz and southern Lewis counties sedimentary 
and igneous rocks of Eocene age occur at intervals from the 
town of Winlock in the north to Castle Rock in the south. The 
lowermost beds are exposed near the town of Castle Rock. Suc- 
cessively higher strata are encountered to the north and the 
uppermost beds are exposed near Winlock. Approximately 
8,000 feet of strata are involved in this section. 

In northern Clallam County in the vicinity of Port Crescent 
Eocene lavas and shales possess a total thickness of about 4,- 
000 feet. In the central and eastern Cascade Mountains the 
Swauk, Teanaway and Roslyn formations, all of Eocene age, 
have a total maximum thickness of 12,000 feet. 
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STRATIGRAPHY. 


The details of the stratigraphy are given in the descrip- 
tions of each area. The most complete sections have been 
measured in portions of King, Pierce and Lewis counties. In 
the other areas the exposures are so scattered that only frag- 
mentary sections can be made. The type marine section for 
western Washington is the one just described as occurring be- 
tween Winlock and Castle Rock. The following lithologic sub- 
divisions are recorded: 


Top of Section Feet 
Massive clay shale, grading in places into sandy shale, as exposed along the 
banks of Olequa Erosk south of Winlock and also in the banks of Cowlitz 
River in Section 5, Township 11 North, Range 2 West, at locality 239. 
These strata constitute the basal member of the Oligocene......+.++-++++- 600 
Chiefly sandy shale grading into massive clay shale of a dark brownish gray 
color. Exposures of this member are not very abundant but contain oc- 
casional specimens of Venericardia planicosta and Turritella uvasana, This 


is the uppermost marine Eocene as yet recognized within the state....... 960 
Shaliy’ Bandstorie se, eps toie cs sic re to felere le! erro) oh a NOU enekasete) oe) p-bencirie> sie gS ern ee naam 100 
Slightly banded sandy shale. ...-.....-- 2+ sees esee cere este err nes csenes 130 
Slightly carbonaceous sandy shale........---sseee esse eres rece er esees 50 
Sandy «Shales cu whe sie caren coreuns tne oe > cllel eae (okeielilie ello iieltncfeiacallsiinee oesiay Gs Re Pa 430 
Laminated sandstone and sandy shale...........ee secre e eer trceeereces 150 
Shale slightly sandy. The upper portion of this member contains an abundant 

marine Tejon fauna. on cds ho phsce we oo wiettisings: ole wires sible eagerness) =seneioias 540 
Massive clay shale. The equivalent of the shales occurring in the bank of 

Cowlitz River in Section 25, Township 11 North, Range 2 Dr Westvienicicmpms 50 
Sandy clay shale. Base of upper marine division.......--++++++++e+rees 70 


Yellowish brown sandstone with interbedded lignitic layers. These sand- 
stones often grade into carbonaceous sandy layers. The fauna occurring 
within these strata are entirely of brackish water origin..........+++-- 520 

Fresh water beds. Light gray massive clay shales, containing numerous 
fresh water Eocene invertebrate fossils. Fossil localities 295 and 303 oc- 

Gur in these: bess aie e saa cco sieve eusbens ne oro ere sculls, oyna we (gr ayaa el erand.e, Hsnelenene arsyaeiate 150 

Brackish water beds. Sandy shales and shaly sandstones grading into brown- 
ish yellow coarse grained sandstone all of which is more or less carbonace- 
ous. Faunas at localities 231, 234 and 300 occur in these DOCOE once eee oes 550 

Marine beds. Sandy clay shales grading into shaly sandstones. Faunas at 
localities 240, 240b, 299, 241, 238, 236, 298, 294 and 294a occur in these 
strata. The basal portion of this belt grades into beds of brackish water 
origin. Below this zone no detailed measurements have been made. The 
underlying strata are those involved in the area between Castle Rock and 
Olequa. Just below, andesite and tuffs are intercalated with the sedi- 


MOENTAPISS Fhe sora ws. osm tera wrath wed er oll otieewt mLATo (ole ua) eine cecchagw esa Be er AiR tg tee AIT RP ee 390 
Total thickness of measured Eocene strata..... 0.0.00 +e seers 4470 
Possible thickness of unmeasured strata involved in area between Castle 
Rock and Olequar. ic. sve. cite a: =.*)« teed aoe eo 4. sfalape iors. ot ale; =e) aaps i a/4)5 08) es le Raa 6000 
Possible total thickness of Eocene as exposed in the lower Cowlitz Valley. .10, 470 


The above section is involved in a continuous nated 


pitching monocline. The lower portion of the section consists 
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of alternating belts of lava, tuff, shale and sandstone. The up- 
per portion is entirely composed of sediments, having a thick- 
ness of nearly 4,000 feet as indicated above. The lower beds 
of the upper measured portion are of marine origin. Above 
these in sequence are brackish water strata, fresh water, brack- 
ish water and finally marine at the top. Resting upon the up- 
permost Eocene beds are sandy shales containing a fauna of 
lower Oligocene age. The contact relations suggest an un- 
conformity. 
FAUNA. 

A total of 130 species of invertebrate fossils are known 
to occur within the upper Eocene strata of western Washing- 
ton. Of these 52 are Pelecypods and 77 are Gasteropods. 
In addition there are two species belonging to the Scaphapoda 
and two species to the Cephalopoda. The following table in- 
cludes a list of the upper Eocene fauna of the state as known 
up to the present time as well as the localities at which the dif- 
ferent species occur. 
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EOCENE. 
LIST OF SPECIES Li's 6 | 7] 8 |11 417 117118 
PELECYPODA 
1 Avicula pellucida Gabb..........:ceeeeeeeees ai (AAS atadlezare mate er, 
2 Barbatia morsei Gabb.........-..ssccesseeee BA Oe roe: a hes 
3 Cardium breweri GabDb... 21.6.0... cessccccecs Piles a id 5 > 
4 Oardium cooperi Gabby ...... 50s. cmcccseneces socal! isi a 
5 Cardium olequahensis Weaver............++. Boe oon fee 
6 Corbula Horii. Gab... ssc. ccc seeeciciwecssine wi BAS nae 
T° SOOT DUA DANS sa co.cc ace ar atinasleM ce delatugee sen Scns F ae he 
& Orassatellites washingtonensis Weaver...... Ratloes taaiel are © 
9 Crassatellites grandis Gabb............++.0+- et BAS A ae oe ~ 
10 Orassatellites merriami Weaver........--++. Fes lsae die tates) aca aia 
11 Orassatellites dalli Weaver............s+see: Ae her alle stale tts 
12 Crassatellites cowlitzensis Weaver..........- Ratlesa al baal lado era 
13 Crassatellites compacta Gabb..............+ bale! [sets Sa ea ee sa 
14 Oyrena brevidens White..........-.cscseeees Fe | ae id FAO ins anes 
15 Corbicula cowlitzensis Weaver.........-..++ Hr (ano aoe here ad torts tect hae slerelers 
16 Corbicula eufaulaensis Weaver.........+.+++ nso [05 salloue acl [eet ie ote 
17 Diplodonta polita (Gabb).............+.ee0e OCT er Mntorel tenia hehe cee AG 
18 Glycimeris sagittata (Gabb)..............+5- 5 aah orate lin’ a hace gl Ravenel Keno erate ltararell voted eaves at 
19 Gilycimeris eocenica (Weaver)......-..6.eeeee vaalle ceillswahiers el ahcslt as Siftec'y laws | ecu abe atl oped 
20 Glycimeris eocenica var landesi (Weaver)...|...|...[-s.)eee|eee|eee|erefere|ee 
21 Leda vaderensis Dickerson ..........+ss+e0+: iy fui 
22 Teda gabbi Conrad..........cccceecersacease ‘ ‘2 
DF Ta Da ee eit sa aang nae eee Cees hms ONE i ae 
24 Meretrix hornii Gabb 3 = 
25 Meretrix uvasana Conrad 7 re. 
26 Meretrix evalis Gabb Fi ec eae oC Esai Wak Lessin banal 
27 Meretrix olequahensis Weaver............0+5 moeifra ares|loveiaiflerstalftoreras elutsil rated] lore oil wpa niet (xed eae 
28 Meretrix longa? Gabb...........ceeeeeeseeees arte oak 
299 Marcia quadrata (Gabb).............s.ee00- iy: x 
30 Marcia conradana (Gabb)...........ceceeeee = a RO 
831 Macroeallista andersoni Dickerson........--. ba z ate 
32 Macrocallista vaderensis Dickerson.. ....... ms ain : 
83 Modiolus ormatus Gabb............eeeceeeees ss a ands 
34 Ostrea idriaensis Gabb.........-..eeseeeorees cE Me sad 2 
35 Ostrea olequahensis Weaver........+-.s+e008 ia nate 
36 Ostrea fettkei Weaver...........ceeeeeeeeeeee cad Pee Ui | en (eee) rs SA rl Pee) Peer ci 
37 Pecten cowlitzensis Weaver.........e.eeeeees Peet [eet (ms ie) Ae: (tery Faspe tase Pipvs arom lence 
88 Pecten landesi Arnold...........esscevesseens Bete ee ao oe (etsy Beas iy feo rental Pees Acer csc 
39 Placunanomia inornata Gabb........-....++ dete vate id si | 
40 Psammobia hornii (Gabb)...........0ee scene * ae Pa 
41 Semele diaboli Dickerson............se0.eeees > aes ots 
42 Solen parallelus Gabb............ceeeeseeeees * a a A ks wd 
43 Septifer dichotomus Gabb..........0+eeeeeee ee ace at 
44 Thracia dGilleri Dall... ....csccevsececcacceres - = 
45 Tellina sutterensis Dickerson...........+++5+ cle tellasin}asude eaters wbren tos 
46 Tellina longa GabD...........csscceeseccnees sieaflawsrelints Oheiore a aitie ete 
47 Tellina hornii Gabb...........ceecssesevecens B eR, (Ot karo) Ie 
48 Tellina oOOides? Gabb.........cceceeeceeecers Baal ans (yan 
49 Tellina cowlitzensis Weaver.....-....seeeees ri mis 
HO” Weredo! BD.. cc cnis vtitearlecsudadu dein egasa ser dee * Fic 
51 Unio transpacifica Arn & Hann............ = yp eell cate Ite! ete dieiocalliatore!l x’ersltcterettatare 
52 Venericardia planicosta Gabb..........+.++- * = bs 
GASTEROPODA 

53 Amauropsis alveata Conrad.. bse 
54 Ancillaria bretzii Weaver........csccesseeees mend 
55 Ambloxus olequahensis Arn & Hann........ atelfoiste 
56 Amphissa eocenica (Weaver).......eeeeeeees tal PP 
57 Amphissa packardi (Weaver).........-++++++ ft 
58 Bursa washingtoniana (Weaver)........-.+- 1 ss 
59 Bursa cowlitzensis (Weaver)........+e.ceees <! 
60 Brachysphingus clarki Weaver..............+ = 
61 Calyptraea excentricus Gabb.............++- * 
62 Orepidula pilea Gabb.......-...cceeeereeees : 
63 Oylichna costata GabD........ccesecceeseees bd 
64 Cancellaria stantoni Dickerson............++ i 
65 Conus hornii Gabb.........ccccccescecesesees BNA Cleo phe sted th ae woke s opie alessio 
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LIST OF SPECIES 





130 


Conus remondi Gabb............-.- sesnemesian 
Conus weaveri Dickerson........ pecnersitels Ronis 
Conus cowlitzensis Dickerson...........++ Lig 
Cantharus perrini Dickerson.........+ Se tea 
Drillia ornata Dickerson.............+++ ape 
Exilia dickersoni (Weaver).......-..+++++5 <a 


Exilia lincolnesis Weaver...........+++-++5 Zaha 


Exilia perkinsiana (Cooper)........++.+++ Sere 
Ficus mamillatus Gabb........-..-+-+++ alah 
Fasciolaria buwaldana Dickerson 
Fasciolaria washingtoniana Weaver.......- 
Fusinus lewisensis CRVEBY Rp bab ek 5 
Fusinus washingtoniana (Weaver)........-- 
Fusinus willisi Dickerson..........-++++++ a 
Ficopsis remondi Gabb. 
Ficopsis cowlitzensis (Weaver)...........+++ 
Galeodea tuberculata (Gabb)...........- Rees 
Hemifusus tejonensis Weaver........... Pass 
Hemifusus sopenahensis Weaver........ eee 
Hemifusus lewisensis Weaver........++.++ Acme 
Hemifusus washingtonensis Weaver........ 
Lunatia cowlitzensis Dickerson.........+.06+ 
Lunatia nuciformis Gabb....... By oer tgontiee ae 
Lunatia hornii Gabb......-ceseseascesecseens 
Mitra washingtoniana Weaver............++ 
Murex sopenahensis Weaver........++.ee+e0s 
Murex cowlitzensis Weaver........--.+++++0. 
Murex packardi Dickerson............+++00++ 
Melania packardi Dickerson........ Baw alecelsie 
Melania fettkei (Weaver)......--++eeseeseves 
Melania lJewisiana (Weaver).......--seeeeres 
Melania vaderensis Dickerson 
Monodonta wattsi Dickerson 
Neverita secta Gabb..........scccseeecereeees 
Neverita martini Dickerson............+++ 
Nerverita weaveri Dickerson..........+++++++ 
Nerita cowlitzensis Dickerson........++.+++ ie 
Naticina obliqua Gabb...........eeeeeeeeeeee | 
Nyctilochus washingtoniana (Weaver)...... | 
Niso polito Gabb........esecceeceersecvenes es 
Olivella mathewsoni Gabb.........0.eeeees m0 















| 





OV VL Ge BDF ys hare ote selene bs avis wesieesetate eh otal sia) Sas 
Pachynilus drakei Arn & Hann........++.+. 
Pseudolivia volutaeformis Gabb...........- | 
Pseudolivia inornata Dickerson...........+. 
Rimella elongata Weaver.........s.seeeeeees | 
Rimella elongata (Weaver)......-.++.eereees 
Surcula washingtoniana (Weaver).........++ 
Sureula cowlitzensis Weaver........e-ceeeeee 
Siphonalia bicarinata Dickerson.......-.++++ 
Turris monolifera COOper.....---++eeeeeeeree 
Turris pulchra Dickerson.........-.0+e+++0++ 
Turritella uvasana Conrad.........0++e+ee9s 
Turritella sp. 
Turritella sp. 
Triforis area fo ae Dickerson.......++ 





Nauti BD. os cde sicvn vs seb eb ssit ap aeneneuons 
Aturia mathewsoni Gabb.............0++5 45, 
Rhynchonella washingtoniana Weaver...... 
Brachyurian remains ........++seeeeeeeeeeees | 
Mish teeth s 0.0.00 ccvctsweccstacaesdesranens eine 


t)2)38)4)5 
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EOCENE—ConvTinugebD. 
| ; ea 
LIST OF SPECIES 249] 275|275|276|277 |278} 279/281 282 283 
PELECYPODA 
1 Avicula péllncida Gabbin. 5.5 occ ene wmeiisiesls snes stiles Shera cle acaleteibe Sa havele eraaeons or ee 
2 Barbatia morsel Gabbe... ic. veces csinnemtmnne Fe) eB toy (oek BE eas Dalim Sg 
§- Garditum brewerl (Gabbs ouen cs saa ewes slelesiersinwateters re cA sears Pets) foaced bed bes 2 (ree) Ra Ps, 
4 Cardium cooperi Gabb............cesceeceneescceece De ae ieee OM me ie A (On At 
5 Cardium olequahensis Weaver........--++++eseeeees LW Pevaall's sca atate le siad a wikale Shee apt 
6 Corbula bornii Gabb © Salllatd alle se | afece Phe 0 ally ae etme siareitete ohne 
T .COEDUIA We HY pects oy onns cack wal sin wns web le eae aetisie fer 
8 Orassatellites washingtonensis Weaver............. ne ee shen deeghace hone tvael aeteeiieee 
9 .Crassatellites grandis GabDb......-....0.0ceesnesorse sr eel orate flor all oa] td aid | cere] ecto aneer a ave tata 
10 Orassatellites merriami Weaver..........:seesseeeee Si ole cua 16 asltare’y hace al engl aa aiiates Sian 
12 Orassatellites dalli Weaver..........cceeceeseceeeees ouletallesaie tel anal aces 
12 Crassatellites cowlitzensis Weaver....... aSec out Geciarabenciar 
13 Crassatellites compacta GabD............--eeeeeeees scale hpcoe tas ahscel wird ses buiateligstel aiarallents 
14 Oyrena brevidens White............0cseccescceacess bo PI (eel ete Se) Paci (a CS! no 
15 Oorbicula cowlitzensis Weaver.............eeeeeeeee Pay I Scr) IBA Ol esd taciet (Cac 
16 Corbicula eufaulaensis Weaver.........-.seesseeees RP ares aes oe pee ee) Pee) ax 
i? Diplodonts polite (GADD). accu asics cielsocemsies = ottial? Be ee) her ees) eats Pores (eye Cena Snr) iS 
18 Glycimeris sagittata (Gabb).......cccuccccveccennes Siclicadle oa Veatepoeed vce Laman ee itenene 
19 Glyecimeris eocenica (Weaver).......ccecesereceeeeee « deen all cate Qi ol eater ietns Porete Pereedinece 
20 Glycimeris eocenica var landesi (Weaver) ee a ea lineal onli eee 
21 Leda vaderensis Dickerson..............++. af 
2 Lede, Fabbi- Conrad: >. i.05 ova. se eee Gali w alleculaaetacelac ete gral welt ie 
OS: VGA, BPs scawicacetisiareainiviane oraietate aieittore te alee eie oasis eatataate x areifinicos'|,« diallinsdw | aie's Pola sl esta ermcatfads wate 
94" Meretrix Hornil Gabb ors coc ner vets visi 90s e-em bas IPM (ric heal, Malet (Sons eeescs Penis Gees Poe 
25 Meretrix uvasana Conrad........ Sea cacleds wanincs ees aero hates [srast'lie soe te cat ae eae 
26° (Meretrix oValis GADD. sce Sers voce esis enthtncmctareat Siatalka esl arses hee lee ol eine fiecerel ieee 
27, Meretrix olequahensis Weaver........-s.ceeccececcelecelerelecelecelessloce|sreiereierelece 
os. (Meretrix Jongan: GabpD: 2.1.2 2%,: <4 van slemiom ea 
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Marine invertebrate Tejon fossils are confined entirely to 
the western part of the state. None occur in the Swauk or 
Roslyn formations of the central Cascades. Fossil plant re- 
mains occur both in the fresh water and estuarine deposits. In 
many cases the plant bearing estuarine beds are interbedded 
with the marine strata. Such evidence indicates that the fossil 
plants of the western portion of the state are of the same age 
as the marine invertebrates, namely upper Eocene. Insufficient 
work has been done on the fossil flora of the lacustrine beds of 
the Caseades to show their relations to the fossil flora west of 
the Cascades. 

Near Duwamish Station, south of Seattle, marine beds con- 
taining marine invertebrate fossils occur associated with the 
lignite bearing strata which are the equivalent of the coal bear- 
ing strata of New Castle and Renton. Presumably the es- 
tuarine beds of King and Pierce counties are of Tejon or up- 
per Eocene age. 

The upper Eocene marine faunas of western Washington 
show close similarities at all localities. Marine and estaurine 
strata are interbedded but the former occur near the base as 
well as at the top of the series. At the present time there 
seems to be no sufficient evidence to warrant subdividing the 
Tejon into formations. Several faunal zones may ultimately be 
recognized. In the type section between Olequa and Winlock 
the marine faunas have their closest relationship to the Siphon- 
alia suterensis Zone of the Tejon of California.* 

The fossil flora varies somewhat at different localities but 
the stratigraphic relations in those localities where collections 
have been made are not in all cases known. A large number of 
the species are new and undescribed and their range unknown. 


CONDITIONS OF DEPOSITION. 


The bathymetric conditions under which the upper Eocene 
deposits of western Washington accumulated ranged from very 
shallow depths in the estuarine basins to possibly ¢ a maximum 





* Dickerson, Roy E., Fauna of the Eocene at Marysville Buttes, California, 
Univ. Calif. Publ. Bull. Dept. Geol. vol. 7, pp. 257-298, p. 13, 11-14, 1915. 
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depth of 100 fathoms. Corals are unknown as fossils in these 
deposits. Glauconite which is common in portions of the Eocene 
of California has not been recognized in the Eocene of Wash- 
ington. The majority of the genera belonging to the Pelecypoda 
and Gasteropoda are forms whose environment is in the littoral 
or sublittoral zones. Differential subsidence and elevation char- 
acterized the sea floor during the Tejon epoch. In those por- 
tions of King, Pierce and Lewis-counties where estuarine condi- 
tions prevailed oscillations of the embayment floors must have 
been frequent. Over 100 coal or carbonaceous seams are in- 
terstratified with sandstone and shale members and each repre- 
sents an interval of time during which vegetation flourished 
under possible swampy conditions. The sandstones or shales 
above each seam are water laid and indicate subsidence and a 
burial of the former swamp areas. Wherever the strata con- 
tain marine fossils there is evidence that the subsidence has been 
sufficiently great to cause the marine waters to transgress over 
former estuaries. 

The arkosic character of many of the massive sandstone 
members in King and Pierce counties indicates nearby land 
areas composed largely of granitic or dioritic rocks which were 
being vigorously subjected to erosion. Presumably portions of 
the Index, Mt. Stuart and Snoqualmie granodiorites were in 
part supplying this material. Many of the clay shales show 
ripple marks indicating the presence of extensive tidal flats 
presumably situated near the shores of the estuaries. The 
simultaneous outpouring of lavas and the deposition of yol- 


canic tuffs have already been referred to. 


CLIMATIC CONDITIONS. 


The climate of the Eocene in Washington as well as in Cali- 
fornia and Oregon was tropical. The marine invertebrates be- 
long to genera which are found for the most part at the present 
time in the waters of the tropics. The fossil flora tells the same 
story. Palms and other closely allied groups predominate. In 
the upper beds of King and Pierce counties as well as in the 
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Olequa-Winlock region the flora indicates the presence of 
species of sycamores and birches. Apparently towards the close 
of the Tejon epoch the climate became somewhat cooler and cer- 
tain austral types of plants began to develop. This climatic 


change is evidenced in the flora rather than in the fauna. 


NEWCASTLE HILLS—GRAND RIDGE AREA. 
GEOGRAPHIC DISTRIBUTION. 

The Newcastle Hills are the westerly extension of a spur 
from the’ Cascade Mountains, situated between Snoqualmie 
Valley on the north and Cedar River on the south. They 
range in elevation from 3,000 feet, south of Grand Ridge, to sea 
level at Lake Washington. Both Eocene and Miocene forma- 
tions occur within them. The Eocene, consisting of both sedi- 
mentary and voleanic rocks, occupies an area about two miles 
in width near Lake Washington, but increases easterly in the 
vicinity of Grand Ridge to over four miles. This belt of out- 
crops trends approximately cast and west. The western end 
swings slightly to the northwest and the eastern end to the 
northeast in the vicinity of Grand Ridge. 

CHARACTER OF OUTCROPS. 

To the north of, and fringing the belt of Eocene outcrops 
just described, are marine sediments of Oligocene age. To the 
north of these, for a distance of over fifteen miles, no outcrops 
of formations older than Pleistocene glacial drift deposits are 
known to appear at the surface at any locality. Bed rock un- 
doubtedly exists at various depths below the thick covering of 
elacial drift. Glacial drift of varying thickness mantles the 
Newcastle Hills, but in many places it has been removed by 
erosion exposing bold outcrops of bed rock such as Squak Moun- 
tain and Tiger Mountain immediately east of Issaquah Creek. 
The hills just north of May Creek are somewhat rugged and 
show the effects of glacial scouring. 

LITHOLOGY. 
The Eocene formation in the Newcastle Hills is composed 


of sedimentary and igneous rocks, the former resting strati- 
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graphically above the latter. The sedimentary division is com- 
posed of coarse grained sandstones, shales, sandy shales, shaly 
sandstones, and carbonaceous seams. These several phases of 
the formation vary in thickness and are interbedded with one 
another. The sandstones are commonly coarse grained and ap- 
pear to be largely composed of materials derived in part from 
voleanic lavas and tuffs and in part from granite and gran- 
odiorite. Cross-bedding is gene rally very pronounced in this 
phase of the formation. _ Often small seams of a chocolate-brown 
colored very fine grained shale occur interbedded in the form 
of lenses within the sandstone. Near the upper and lower por- 
tions of the thicker beds of sandstone at the contacts with the 
shale bands there are commonly very thin layers of shale less 
than one inch in thickness interbedded with narrow seams of 
sandstone averaging less than one-half inch in thickness, giv- 
ing this type of rock a banded or laminated appearance. ‘The 
sandstone masses are sometimes as much as one hundred and 
fifty feet in thickness. The shales are commonly massive with- 
out very distinct bedding planes. They break with a conchoidal 
fracture and occasionally possess considerable thickness. The 
sandy shales and shaly sandstones are generally harder and pos- 
sess well-defined bedding planes. Within these are often found 
remains of fossil leaves, especially in the vicinity of the car- 
bonaceous seams. 

In the Coal Creek mine hundreds of fossil trees occur stand- 
ing at right angles to the bedding planes of the coal seams and 
projecting upwards into the shales and sandstones above. Many 
of these trees have a diameter of four or five feet. 

The strata outcropping along Coal Creek and in the under- 
ground workings of the Coal Creek mines are lithologically very 
similar to those on Tibbetts Creek in Section 32, and to those 
at Issaquah in Sections 26 and 33. Some minor variations, 
however, may be noted along the strike of individual beds or 
coal scams, as in the case of the Bagley coal seam in the Coal 
Creek mine. 
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The belt of igneous rock which underlies the sedimentary 
phase of the Eocene is composed of a series of lava flows with 
interbedded volcanic tufts apparently derived from small fis- 
sures and vents in the immediate vicinity. None of this ma- 
terial, however, is found interbedded with the sedimentary por- 
tions of the formation above. The base of the sedimentary 
formation is composed of conglomerates made up of pebbles 
and boulders firmly cemented and. derived directly from the 
various phases of this lava and tuff. A careful examination of 
the lava areas along the anticlinal belt shows the presence of 
much intrusive material of the same nature indicating that 
vents were continuously being opened through the earlier con- 
solidated portions of the flow, allowing fresh material to well 
out over the surface. Many of these flows show the effects of 
movement just prior to consolidation and contain irregular 
shaped angular blocks of hardened lava which they have car- 
ried along with them. The tuff beds contain various sized frag- 
ments of pumice which have been firmly indurated. Some phases 
of the lava are very porphyritic showing large crystals of feld- 
spar imbedded in a fine grained groundmass. Other phases 
possess a distinctly fine grained basaltic appearance; some in- 
dividual flows are completely honeycombed with steam cavities. 

GEOLOGIC STRUCTURE. 

The principal structural feature of the Newcastle- Issaquah 
area is a broad anticline trending along the direction of the 
Newcastle Hills. Between lakes W ashington and Sammamish 
it trends North 45° West. In the vicinity of the town of Issa- 
quah and Squak Mountain it trends nearly east and west and 
then turns North 45° East in the vicinity of Grand Ridge. The 
north limb of the anticline between the Newcastle Hills and 
Grand Ridge develops into a broad syncline the axis of which 
trends nearly due north through Lake Sammamish. The west- 
ern extension of the anticline can be traced to the eastern shores 
of Lake Washington in the vicinity of Newcastle Landing. 
From Newcastle Landing it crosses Lake Washington and 


passes through the south central part of Mercer Island. This 
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island is almost entirely composed of glacial drift, but on its 
western side in Section 24, Township 24 North, Range 4 East, 
huge broken boulders of basic igneous rock outcrop at the 
water’s edge, which may possibly be a part of the core of the 
anticline. Immediately west on the Bailey Peninsula and just 
south toward Brighton Beach well defined outcrops of Oligo- 
cene shales and sandstones outcrop. ‘These strata have a north- 
east-southwest strike with a very steep dip to the north. They 
are a continuation of similar strata occurring in the Newcastle 
Hills just north of Coal Creek. This, together with further 
evidence in the Rainier and Duwamish valleys, show conclusive- 
ly that the anticline occurring in the Newcastle Hills crosses 
Lake Washington and then turns south toward Duwamish 
Station. 

Along the course of Coal Creek from its mouth to its head- 
waters, numerous outcrops occur upon which observations for 
strike and dip can be obtained. These show the strike to range 
from North 45° West to North 70° West, the latter prevailing 
near the headwaters of the creek at the town of Coal Creek. 
The dips range between 40° and 70°. The general average is 
between 45° and 50° to the northeast. Similar observations 
were taken farther to the northeast along logging and wagon 
road cuts in the overlying Oligocene formations. From Coal 
Creek these same strata cross the mountain ridge and reappear 
on the north slope of Squak Mountain between Tibbetts and Is- 
saquah creeks. Excellent observations on strike and dip may 
be taken in the vicinity of the Superior Coal Mine on Tibbetts 
Creek in Section 32, Township 24 North, Range 6 East and 
also in Section 33, same township and range, in the vicinity of 
the Issaquah coal mine at the town of Issaquah. The strike in 
both of these localities is nearly east and west with an average 
dip of 40° to the north. In the vicinity of Grand Ridge in Sec- 
tion 26 the strike swings to the northeast. Numerous observa- 
tions were recorded both on the surface and in the underground 
workings of the Grand Ridge Mine. About two miles northeast 
of Grand Ridge in Section 13, Township 24 North, Range 6 
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East, several openings have been made in the bed rock strata 
along the courses of small creeks, exposing coal seams as well 
as sandstone and shale strata. The strike averages North 45° 
East with a dip of 65° to the northwest. 

To the north and east of these outcrops the Eocene rocks 
are no longer exposed, but are covered with a very thick mantle 
of glacial drift. About four miles southeast of Section 13, in 
Section 28, Township 24 North, Range 7 East, outcrops of 
sandstone and shale are exposed in a railroad cut just west of 
the point where the Northern Pacific railway crosses Raging 
River. The strike of these beds is North 45° West and the dip 
ranges between 55° and 75° to the northeast. Although there 
is no absolute certainty that these are a continuation of the ex- 
posures in Section 13, yet it is probable that they are such an 
extension and are a part of the north limb of the Newcastle 
Hills anticliné. The main axis of the anticline has been indi- 
cated upon Map B, Plate IV, and consists of almost continuous 
outcrops of basaltic lavas and tuff lying stratigraphically be- 
low the Eocene sandstones and shales. 

From such evidence as can be obtained on May Creek along 
the south side of this anticline, the probabilities are very strong 
that the strata on the north slope formerly arched over the lava 
and dipping southward, extended under what is now May 
Creek Valley. The evidence pomting toward this conclusion 
may be found in Section 2, Township 23 North, Range 5 East, 
along the May Creck wagon road. Several exposures of sand- 
stone and shale appear on the north side of May Creek close to 
the wagon road and near the surface are dipping almost vertical 
with a strike of North 75° West which is approximately parallel 
to the anticlinal axis just described. At this point on May 
Creek, a seam of coal has been discovered and a shaft sunk upon 
it to a depth of 325 fect. At the foot of the shaft a crosscut 
has been driven to the south for a distance of 450 feet. Along 
this crosscut several seams of coal were encountered as well 
as sandstone and shale strata which hithologically resemble 
very closely those in the Coal Creek and Newcastle mines on the 
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north side of the anticline. At the depth of the crosscut below 
the surface the strata are no longer pitching vertical, but as- 
sume a dip of 64° to the southwest. Outcrops of sandstone and 
shale on the south side of the anticline are only known in sec- 
tions 1 and 2. To the west, toward Lake Washington, the 
country is almost entirely covered with deposits of glacial drift 
and the only pre-glacial outcrops exposed at the surface are 
occasional masses of basaltic lava and tuff. To the east of sec- 
tions 1 and 2 no sedimentary rocks are exposed for a distance 
of six miles. Throughout this distance the south limit of the 
lavas which is indicated upon Map B, Plate IV, is in direct con- 
tact with very thick deposits of glacial drift. In Sections 12 
and 13, Township 23 North, Range 6 East, numerous ex- 
posures of Eocene sandstones and shales containing coal may be 
seen along one of the branches of Issaquah Creek. This belt is 
about one-third mile in width and two miles in length. On both 
the northwest and southeast sides of this small belt are large 
areas of andesitic lava which should st ‘atigraphically underlie 
the sediments. These sediments are presumably a remnant of 
those which at one time arched the anticline and have been drop- 
ped into their present position as a fault block. 

The vertical and even overturned position of the strata along 
May Creek strongly suggests a slightly overturned anticline 
and also a possible fault approximately parallel to the strike. 
Along the sedimentary igneous contact in a number of places 
as may be seen near the May Creek coal shaft there are slicken- 
sided walls on the lava. If such a fault exists it quite possibly 
extends southeasterly into the Sherwood-Taylor region which 
will be described later. 

From May Creek southward to Cedar Creek no outcrops of 
Eocene strata have been found to indicate the intervening 
structure. The northward pitching attitude of the strata at 
Renton and Cedar Mountain suggests a possible synclinal basin 
of Eocene strata trending parallel to and lying between Cedar 


River and May Creek. 
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STRATIGRAPHY. 


The following stratigraphic section was measured from the 
base of the coal series on Coal Creek to the top of the productive 
coal measures. Unmeasured Eocene strata extend above this. 
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GREEN RIVER AREA. 
GEOGRAPHIC DISTRIBUTION. 

The region involved in this area comprises nearly all of 
Township 21 North, Range 4 East, the eastern half of Town- 
ship 21 North, Range 6 East, the south half of Township 22 
North, Range 7 East and the southeastern quarter of Town- 
ship 22 North, Range 6 East. This territory is drained by 
Green River in the central portion, Cedar River on the north, 
and White River on the south. It extends easterly to the foot- 
hills of the Cascades and includes the low glacial hills of the 
sast part of the Puget Sound Basin. In places the glacial 
covering has been in part removed by erosion and the underly- 
ing Eocene sandstones and shales exposed. The most extensive 
outrops are along the canyon of Green River and in the smaller 
streams emptying into it. Tiger Mountain at Bayne and Sugar 
Loaf Mountain near Durham are bedrock hills of sandstone 
surrounded by deposits of drift. At the eastern margin of the 
region the Eocene sedimentaries pass beneath the Miocene and 
Pliocene lavas and tuffs. The. contact roughly follows the 
western escarpment of the foothills of the Cascade Mountains. 

LITHOLOGY. 

The Eocene formation exposed within this area is almost 
exclusively of sedimentary origin. Minor amounts of igneous 
material occur in the form of dikes and sills which are probably 
post-Eocene in origin. They may have been feeders to the 
Enumclaw lavas which undoubtedly at a former time covered 
this area. 

The sedimentaries consist of sandstones and shales of vary- 
ing characteristics. The sandstones are usually massive and 
thick bedded with a brownish gray color when fresh. Often they 
exhibit cross-bedding. Certain phases are very coarse grained 
and arkosic. One of these beds, as exposed near Franklin in the 
‘anyon of Green River, is almost 600 feet in thickness and is 
persistent in lithologic character throughout this area. This 


belt is medium grained and hard. When weathered it assumes a 
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light brown color and forms almost vertical canyon walls. These 
massive sandstones occasionally pass into shaly sandstones and 
from that condition into sandy shales. The shales range from 
a dark gray to a brown and from a massive condition to a dis- 
tinctly laminated phase. Narrow bands of all these types occur 
interbedded with one another. All phases may be seen in the 
exposures along Green River. 

Interbedded with this series of sediments are numerous coal 
seams and carbonaceous shale beds. They vary in thickness 
from a few inches to fifty feet. The character of the coal ranges 
from a bituminous to a low grade lignite. Within cach seam 
there are variations in character from the base to the top. The 
different lithologic members of the formation including the car- 
bonaceous seams often change in composition when followed 
along the strike of the beds indicating different conditions on the 
sea bottom at the time of their deposition. 

The intrusive dikes and sills are narrow and usually inter- 
calated with the sedimentary beds. They range from a foot to 
80 feet in thickness. When fresh specimens can be obtained they 
are found to be very fine grained and composed of labradorite 
feldspar and augite. The minerals are always more or less 
altered and the phenocrysts are only slightly larger than the 
microlites of the ground mass. The rock would be classed as a 
basic andesite. 

Twelve of these dikes occur in the canyon of Green River be- 
tween Kummer and Palmer Junction. Six others are on Coal 
Creek south of Bayne. One of the largest dikes occurs in the 
western half of Sections 18 and 19, Township 21 North, Range 
7 East. It crosses the Columbia and Puget Sound R. R. near 
the center of Section 18 and trends nearly due north for a dis- 
tance of one mile. It is overlain and underlain with Eocene 
shales and pitches with them to the west at an angle of 40°. 


STRATIGRAPHY. 


The excellent exposures of the Eocene formation in the can- 
yon of Green River afford opportunities for constructing strati- 
graphic sections of the series. In the underground workings of 
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the coal mines as well as at many localities both to the north and 
south of Green River partial sections may be measured which in 
many cases can be directly referred to their true position with- 
in the complete section as exposed along Green River. As a 
result of such field studies it is possible to subdivide the Green 
River Eocene into three lithologic units. The terms Bayne, 
Franklin and Kummer series have been applied. These sub- 
divisions can be recognized only locally and cannot be used for 
lithologic correlation purposes. For this reason it would seem 
best to regard them as members and not formations. Detailed 
surveys have been made in Green River canyon and the lithologic 
variations from the base to top of each member have been de- 
termined. 

The lowest division, or Bayne member, consists of a pre- 
dominating series of shales together with subordinate amounts 
of sandstone, shaly sandstone and carbonaceous beds. It has a 
thickness of over 3,000 feet as measured along the canyon of 
Green River from the center of Section 17 up the river to the 
east line of Section 8, Township 21 North, Range 7 East. The 
top of this member appears at the F ‘anklin wagon bridge at the 
contact with the Franklin sandstone member. The following 
section was in part measured by the writer in connection with an 
investigation of the King County coal fields: 


STRATIGRAPHIC SECTION OF BAYNE MEMBER. 


Top of Section. : Feet 
Brownish gray sandstone, somewhat banded! 4:4 2 veloc os causes 135 
Gray Sandy Sale. 21. ocr ayes reieselace increta ym eres) © a0s isi etree sent ieaniele 14 
Coal and carbonaceous material. ......-- eee eee ee ee erence ae) 
Gray. sandy Shale. a .cci: 5 a cic ois oie ieisie cle lm  w eye ie ei mS 19 
COVELER orn 5 no. bic atele piaieid aie lames whale a) 9) etslfol'allv «Laval whe Ducote tame etait osalear ies 40 
Alternating beds of shale carbonaceous shale and sandy shale. 128 
Massive grayish brown sandstone.....----.eeeere reer rere b2 
Interbedded sandy shales and carbonaceous seams....-..--++++> 30 
Massive brownish gray coarse grained sandstone........--++- 45 
Carbonace@OUS. SCAM 22. .c seer c wees ence c ener nnn mer ene nas se K 4 
Gray sandy shale.<.2 5.5 se ok oh ea ance ote a6 walt cbt ois saci sien ai hair 27 
CarbonaceOuS SCAM ..... cc ccccce crew sce essassresenseseae 9 
Alternating beds of sandy shale and carbonaceous seatis..... D5 
Sandy SDale: sie. oie cceialers ace «cists ptote «Baap bepubiniste nergy ease ae 82 
Brownish gray banded sandstone.....--.-++++eeeeeeeeererees 22 
Gray samd@y shal@.uc ccs cece etic seis snes cine to sin nainne ae 51 
CarbonaceOuS SCAM .u.- cee ccc cserrewccceeere ee seseseeeaes 3 


Sandy: shales. <jvwis olgisie aiviois wales & + melee © leon mirc. s tobe olen! 24 
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Top of Section. leet 
Passive Drow nish” Say SAMOSTOME S666 be cc Oi wre eo tcos tee 11 
PN SUENGCU SUITE SATE S05, Sire. kolo Gute e wigroe wpate-9ro.<. wliviera enue Meaehe 30 
Massive brownish gray coarse grained sandstone.............. | 
MEiea and \CArDONACCOUS ‘BEAMS: .. cleiniera miele «lurersty hus datsis este wearers 26 
Mracssive brownish pray SAMGStOne. 4 voles ewe ee we we we eleee 10 
Interbedded banded gray shale and carbonaceous scams....... S1 
Massive grayish brown coarse grained sandstone.............. S85 
Interbedded shaly sandstone and carbonaceous scams.......... 22 
Massive brownish gray coarse grained sandstone............. 120 
paudy shale and carbonaceous S€QMS... 2.4.6.0 sce ent nw caw’ 26 
Coarse massive brownish gray sandstone........5......+..-- 117 
MERE OTAY. BANGY SHALG «oc sivele cnn SMa ala iene Stes Paw wile ws ee 50 
SPOTTER GE OUR SEMIN we 6 os oi ork wxcveira senators Sayiel a OA rerraN Tete ahaa sel syste oes 40 
SRSA SENG MESSELTD COS SELLE 5.5.1 frvcihay nt nna: Ssh eta Wang a) are nardilanalst oe ailhgg sential =a 16 
Brownish gray coarse grained sandstone..................0- 40 
Interbedded sandy shale and carbonaceous scams............ 106 
Massive brownish gray coarse grained sandstone............ 190 
Cxrbonaceous-seam and sandy shale. wc... ...2 2. cence neeeees 30 
MASSivenDEOWMISH STAY SAMGSTONER. criss acs cics te. ole stele eteleecs 94 
Pereeod GACY SHAG. 6 sxe 6 ales cleis Wwe Ges. sow. sbdie Cle Emel ere wei & 44 
Moemsive Drowhish gray samdstone...... 0c. cece we. cn de deseuee 60 
Interbedded sandy shale and carbonaceous scams............ 43 
Massive brownish gray coarse grained sandstone............ 123 
Banded sandy shale and carbonaceous seams...............-- 157 
MeECtE SPAY  SATMOSCONE @ s05) ots,s eiesara aves Sls als oRMEcK 6, at ea wee ancuay ss 83 

~ Interbedded shale, sandy shales and coal scams.............. P46 
Riassive brownish gray sandstones... ... 0c. aes cena cease vase Hiya) 
oO DoL) EGACIIE SPS ein saa hk rceeee a coterie welling erincechcL AC cnn EP Car D eh Ane aca 6 
Pemrrar Handed. SAndStONe’ s. onc seme te. vale ae where ua ties sgeltlee se 27 
PRE TERI was navn sy fa, CONE sm. Sey 6. Ruy gees a pola wta nea eee de Deere fee eNOS > 5 
res TGs PLAY LSTA SELON casei un) cme) octet cdere'.< wilde eleteie moe tbe exe) sce) sie wl 21 
Ch OCA Ts SAD: SOALOi ints S60 eos wus ce ais wre ee lee ole aes a Or aM 
MCE OTA SSOMOSTOME struc. widyejale, eden eRe Weeyforete tle Glo Gusleics. «leas 29 
Interbedded gray shale and carbonaceous secams...........6-. 350 
PAG SER SANASTONES < syccecass os aia el bk stenerd mnie © ote ole we eam nee 15 
MEECEERIVACCOUS SCAM cx ercuniead ahaa, vesnane emir sh 31 tha bedi cbadale, ate araueye sr Se ia} 
Miaesive brownish gray sandstone ..% . ok ce ee ee ee oe 35 
Sich metamorphosed sandstomec:.-. 2. foc ee se wren nes oy 
PCr aA | baked -SAMASTOMNE ss0 fo ctv eer dee ere se wl cg payee a 26 
Massive but somewhat baked sandstone.............200.20005 45 

Base of Section 

PINS Tel Leas Aaa scrim tence eutearonae, geek sie Ot ane Uc eai OaIN eRe, Aarey ore, A el eel stiemey 9 CALMS 


The Franklin member is composed of massive sandstones 
with interbedded shales and carbonaceous seams possessing a 
thickness of over thirty-six hundred feet. The basal portion 
of the series consists of a belt of massive coarse grained brown- 
ish gray sandstone having a thickness of 600 feet. It is typic- 
ally exposed at the Franklin bridge. The upper portion of the 
Franklin series contains the most important seams of coal mined 
in the district. The following stratigraphic measurements of 


this series have been made: 
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Stratigraphic Section of Franklin Member as measured 


on Green River, King County. Feet 
WROMY CORD ore te levies ele! nape eee, aig n elteir ay ete eteT es Por ay ateS Wo iol ie eure eMC 16 
Stratified. sandy “shales. :-f55-s..00 0 be oe ore cee Oo ctepe at een 20. 
Shaly-2ray’ sandstones vnc] ce oe eee bie ars a ean Oe eee 52 
Inter-stratified shale and carbonaceous shale................ 9 
Brown Massive! «Sandstonex:. vs. sie alee! whe wee stele Ajnts, tole pbe were els it 
Gray SH ALOr ies el ee ee Te el a ne ee 8 
Haré shaly Carbonacesudsbed s.. cfu. Ses © a a ee ate 6 
Nodular wsamdy’ “shale... sncieie ret staceusna te other ota ever e) aba rata eee 4 
Interbedded shale and carbonaceous shale..................-. oT 
Laminated: sandstone y..s..sics susdstakc o olowsre a isvercteieve ottens hee eoeevtiniaye 10 
NOOuUIareray HALO. sg cctatsdeacacive ova) okey eteretene Ce he enateeae niaep eee cucmerete 5 
Banded: ‘gray sandstone...c42.0 Seicyssesnasia erie amie ape te ore ranean 22 
Banded gtray™sandy “shaleni.. 5050 oe ea, arelers et creel neh stake teiaiehete ee 18 
Banded @ray Shales, 45 s:s7u actus sas bees are taue te epeneltet ee ait ne eee 10 
Carhonaccous ‘seam Sct ae oe eo tee aes tear ke au ase eae 10 
Carbonadceous: shale scat eic ee oe sail ate ala ccercie ole ce tee ey eae Te, 
Banded: sandy ¢shale 3 4.2. anes scene a en ica ee ei ee ee 30 
Massive brownish ‘gray, sandstone. sisi ce aie acre eee ee 23 
Carbonaceous’ shale ts,c/cee. 2rces ee tctere ei archepoe encase a nr Roce 15 
Masstve--sandstome: 2); a1. sty ace shveenats ene (a layed a etnies Reneicece. See ee 6 
Nodular eray Shales mse 2 wreyercecte stenchey shake ne peicatee eisai eee nS 7 
Banded yieray asandstone : 2... 2.5 ses) state cocie rahe archon aie a he renee 30. 
Light-brown medium-grained sandstone....................- 150 
Massive ‘brownish. gray sandstone.c.2. eee esi aa eee 205 
COVETS G yovs fs fonsi, +e: ana Setealeh oobi tens ROMs Peseee Ee eee ee 204 
Masstye: ‘gray? sahdstone sn. gin sc ereee nhs oe eee ee 58 
Intrusive ‘sill of wandesite «<< frernsittis aatabeeaierece. mitt ateaet ae ae 10 
Carbon accous SGML sf... oxo tie -sereraveiele eh nese eae 1 
Banded-nodular gray Shale o2% iusste te lea teen Lte See ae 6 
Interbedded carbonaceous seams and shale.................. 24 
Bandedi.gray ‘candy (ehale..... ctl: cue See eee 15 
Brownish gray massive sandstone... 2... ss 5.5 aceeue tare le 23 
Banded: gray sandy ssbale:-<..%, 5 si-)nkera. a1 ate eee extemal pices aie 12 
Carbonaceous: seamiand: shale:cs.u. cic tas Rita ieee eae eee 17 
Massive brownish gray medium-grained sandstone............ 83 
Interbedded sandy and earbonaceous shale.................. 25 
Massive brownish gray sandstone...............ceeccccccece 74 
Carbonaccous Seam, . Jt. ¢..c- tus Se ne eee ee 2 
Massive brownish gray sandstone. .-.. 3. ..0.--2sedn ee scene 3 
GPBY, SIAVCY a jaro. colette, ec eee eee eae ae ical egret ene a 17 
Carbonaecous Mshale. t)7 55 teins tore peiiuetaters ie ae elena eae 6 
Banded) gray: Shales: cin eves oie ori tate aac cen ee 5 
Massive brownish gray sandstone............-ceecccececcce 6 
Bandedtgray sandy shale syn secu octet 23 
Carbonaceous Shale: oi. tie ake mate eine a ere ee ee eee 6 
Massive brownish gray sandstone. 5.09.2. 9.2 sss. eseeeunen on 3 
Banded! gray sandy. shales cto ves aie ee ree ee 45 
Brownish, gray smassive ‘sandstonese. «enc ee ie eee 92 
Banded brownish gray sandstone..........-.-..ccecceccsece 12 
Banded): sraya shaleut. cere etre a oes ciene ee e ee 11 
Intrusive sill-.of; andesite: «46-0. 4.)<00. ee ee a ee ee 10 
Covered oF. saya. o/ 5 dialereray ae ake ccc ee ee Re ee ea ee 35 
Massive brownish gray sandstone...............-eceececces 24 
Banded brownish gray sandstone..........-.....eceececeee IW § 
Banded. gray. sandy (shale: 4.00. so eee ee ee 12 
Covered. i scic adineichaae 5 Sn ee et eee ee 37 
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Peet 
emacd brownish “gray .sandstone.....5<. «6s caussecruasas cae e Alpe 
MERE E CNM TCS tai tam Patera ke Tovah sown nr? ov Soin eaane Gomes 24 
imanued brownish gray sandstone. ci. 0s ects wa ae Saw ace we eles 20 
BROOMS T A SAMY GAL Gc cians ai chemPalecectanatt e attr etewele tener skate 30 
BOSRRRSEE IED SAAN. S 225 oa. x lta fasn ct seh chimes MOT. cliee Rhone irae deed er comand hea CA 20 
ECM OT AUPE SAT GSEONG. WA. cnisecice aie pia & tsraieXolel oleletre om, aieue (oe, eer acts 26 
Seer ST ee TSM Y VSNALCLA a dicce «Seeman nalts Gree s aia SRG ees ae DS 
TET Sg) ne aa a Sy ee oe en ge eee 18 
Peeee FOOT AT SAMA SLOMG... cccexcy tec oe Oe Gus oh vn she eroun Finkel sie ain a eto 28 
PCS AT OVAL OG ee Sc ks Hee aroun Aclal komt Mon cm role, Ae dees 16 
BORER QML as cnc Mera ie ara aA aS PETG veh tut oe Nn GET UME Oe caateiw Giebe Se or nih 
Interbedded layers of shale, sandy shale, carbonaceous seams 

manGethinpands: of shaly sandstones <)..cikacles «saad s sc <<si6 191 
meneseve rownish oray SANGStoMe..... cacscd acer seeseurecncews 26 
ECC: COTY? URN. SWATO so .502 ares aus wasn ices shad orkie ore ew silo Wise re 7 
Medium grained brownish gray sandstone.................6- 44 
PRT MME CeTSULYA asics, Sm SPS, ag. d kl, PSE AT alae woe IRR ORR OGRE NaHS eS toate a eae ¥ 
MEMO MOCULAL SLAY. Sandy SIALE. syerscocaie leis orn ceneue-a alevele sul 58 
SPURL UCEO US DOG Fs chic saw, wh eke abe oeal cesar prolo aotat aWene i ROME ie to ea ag 38 
RESELL Va SEU LL OM ace: cok ncn tts Wcln ober tee Okeraeer a tut Suk met ae 8 
Mmaesivenoray DrOWnISh Sandstone’. 5c ..ta aeatee sacs. «cus 25 
Interbedded sandy shale and shaly sandstone................ 19 
Dr OROCEH (GaN (y RUBIO Lo as, Semoun viper il tmlate qu ae eave coe sca due 7s 
MES VVEIE SIL FOL, ATLA ESTES, cu Wee ccsup shank wie ha ha ateneaime lars aehime alerars.c {6 
IP SINE by SINeCAMOrDROSER'> SHAG eat. 08s wesc oe whererea aud ble dee ones 32 
Intrusive sill of badly altered andesite..................05. 118 
PIC MECCCMMOT AT SAUCY SAL. access a pedeie ai-oy aysn ears) done! aulsvseuindle her vs aces pes 
anced DrOWNISh Pay SAMASTOMG. cscs cae eer ess sumwie cm vee vans 24 
ICC SASL ABIL AL ES Ps aria) ae alna cond a henexererare she » iv HIRO G ive cw eee 10 
iamded Drownish: eray SANASTOMEe. «0050s es Ges cen wows + 16 
Minasive sDrOwnisi -eray Sandstome® ....u0 6 ues aes ee dems oT 
PENS OPHY SANG Y. SUALE srt «tare <cey Mae Feta im Ok A cle wae 23 
interbedded carbonaceous seam with sandy shales............ 7s 
maneeme orev wandy shale. oo. cc eh wat crac palate « sicatenews aca 14 
Maeve Browiish gray Sandstome s/o... 0c Gb ae se ae tea ves 46 
MPL TTI COOUS ERNEADY. aya trdishensivenlcriene Myers) whi Cuclehiwden waite aa arenena alle Aah os 10 
PEO SRA, HANG WAS. Oe karat creas =, viene aiaeseeia aie a erieisme ayeen te 30 
RUMSOC octet cp Pra ahecih is oh tadeMca enialeoar “esac wane hers acres Starke Gite stoner oh. SE noe) “Sean 22 
SEMIEONVELCO OMS: SOHIIIL, xe. wiih snide, dere evesume ice alate tusenerataile, tee sees a aaa aige 5 
mamaed eray sandy Shales sy ouch. G sve se. eo 8 ais wo gn ee wee 23 
BORN as sree Pe ocr, aac face cieS sol stpatogarls Miter ere ont ae atepeter tens NM oh ie cree ale 47 
Massive brownish gray sandstone, ...4...0..c0ew cee veei aes eee 44 
SEEN OTIA COOMA: BEAT, | aor cit owe bie tad linwer eieeeole nel hateroeeacan Oleh manent 6 
PCC eraAy SADOY SDALG 3.0 sk erate so eee Gekue See Care ue Qccnn a Ga 
Banded brownish gray sandstone with interbedded layers of 

VALS “SAMOS COLA) cepeqnecaiescrael “hay fo Oui Curme Pamela nine sites oho seyanrs coheed athe 119 
RPE OOO Mea Me nive cesiie wise ei a.,51 ov no) © eae te anon ohaes ah sive grata vec ager Netra be eye 107 
Pater ora yosanidy, SHAE... bw sta ae wcty ets ve sitruveie ale loo) s deehdue te 10 
Franklin sandstone light grayish brown color and medium 

URL Cea Atabe very citimse’s Gy el ah ale ehs maicetehoy ayer uae amelie te, at easterencn mars 210 
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The uppermost division of the Eocene sedimentaries as ex- 
p 


posed in Green River canyon consists of a predominating series 
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of coarse grained light colored sandstones together with nu- 
merous intercalated strata of shale and carbonaceous beds. 
They possess a thickness of about 1800 feet and are described 
as the Kummer member. At the base of this series there is a 
light colored massive sandstone having a thickness of 475 feet. 
The entire Kummer member is involved in a syncline with the 
basal sandstone of the western limb resting in the eastern half 
of Section 26, Township 21 North, Range 6 East. The fol- 


lowing stratigraphic section has been measured: 


Stratigraphic Section of the Kummer Member. 


Top of Section Feet 
Banded sandstomeaaie-c ens caveu ce oie Wheel aiale) dire Iola tere to’ ini-nlhapalcat marine inne 10 
Alternating beds of shale, sandy shale and carbonaceous seams 91 
Massive, brown, coarse grained sandstone............-.+6-e+. 540 
COV RECT ers oe cre tensunge che tansan oe le tbsatoneitede JousieneMmas eae Merny ooo sa aTet ec adie ca aay tice BD 
Coke coe ae edie 4 A cunt nee eer ald, Sioa aude Sie ale, A cee ee eee 2 
Massive, brown, coarse grained sandstone..............--2+-- 30 
Dark, ‘eray: sbaly Sandstone. os0e a itccre cna: «jaqaetane sahara Saree es 2 
Massive, brown, medium grained sandstone................0.5 100 
Coal: and catbonaceous shal egies ce cue ietereucie) oles ccoperersee aegelscaaseeianstare 8 
GEAYe BANG Y: HAO sy. sco cnesy able he ienensnere Sete kenratts Pisielsis lenctetete minke oae role 60 
Grave Shaler si rcscteln.a popes ere she. ise lanel iene wllehetcane a eas ener nemeLe 1138 
Coal SOA Ma nate eie ser ey st seeks ohare) een aceae oat heey IES Sn Roe cee Tae een 2 
Massive brown gray coarse grained sandstone............... 165 
Coah BOR IN, «iirc os oud Sates. ete eon whey tell ms Eiptaloie tenctast caletete Fieielele 3 
Shaler eich lara cseta a etviw.sidelaus Satbeiceteterhel 1 sora teeeekara Gia he eames teteas 50 
Coal "seat Be yehyene.co ite, 5 cia eels ute ws Ske oh Megha Wi ONe on ee, ie Seal eh nue ee 5 
Dark * Bray SD Alesis issats ates oveloup. or chars elsonees nL olollnn eine, Wachee irae ae 55 
Coal “8bata 62 oe aiaene t-t.0 ote auehe el ateentin Ook te rar el cle epee kee eae eeastete 4 
Brownish +2ray Sandstone vee 6 eg sral een: 2s; crate ace) haha» Re raalg seeeaeS <i 
BUG, Chg so ies ois dk oer Soman aya tole era, ty Reis, wea aco ctaazel «bist eek ene iets ee 5 
Coal Seam) eSieie.o sie sepa cis el alo Dts seta et ars ie tee ec. « eae oe ia 6 
Massive brownish gray coarse grained sandstone............. 475 

Base of Section —-- 

LO GAT sie eialge’ lw neh oirerttasra a areue tenia ns cad tay Mal ay aicaiie a tb ielee Pocaarctaaa eo i ee 1758 


No strata of purely marine origin have been found in the 
Green River area. In the Bayne member, species of brackish 
water mollusca are occasionally found. They are in a bad 
state of preservation but belong mostly to the genus Corbicula. 
No subdivisions of the Green River Eocene can be formed on 
a basis of the brackish water molluscan fauna. The species 
occurring here are common in all the brackish water zones 
interbedded with the marine Tejon occurring farther to the 
southwest. Fossil plant remains are abundant at many loceali- 


ties along Green River but there is insufficient knowledge con- 
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cerning the species to warrant using them for correlation pur- 
poses. 
GEOLOGIC STRUCTURE. 

The geologic structure of this area is very complex. De- 
tailed traverses tied in by transit surveys were made along 
Green River from Section 28, Township 21 North, Range 6 
East to Section 13, Township 21 North, Range 7 East, a dis- 
tance of over seventeen miles. Stratigraphic sections were made 
throughout this entire traverse. All the variations in strike 
and dip were recorded in their exact position along this traverse 
line. This line and all observations tied into it have been platted 
and may be referred to in the report on the King County coal 


fields.* 


Observations on the strikes and dips have been taken at 
all points where outcrops were found to occur, either above or 
below ground. From the results of such data it has been pos- 
sible to determine the approximate structure which the Eocene 


sedimentary formations now assume. 


The broad general features of the structure consist of a 
series of nearly parallel anticlines and synclines pitching to the 
south. Their average trend is North 20° East. One broad 
syncline begins on the boundary line between Ranges 6 and 7, 
Township 21 North, in the vicinity of Sections 7 and 12. This 
syncline averages about two miles in width and at least six 
miles in length. At least six parallel anticlines and as many 
synclines lie on the east side. One anticline and one syncline 
lie on the west. What the structure may be beyond, to the 
west, cannot be determined because of the absolute disappear- 
ance of the Eocene formations beneath a very thick covering 
of glacial drift. These anticlines and synclines in the vicinity 
of Cedar River, to the north, also disappear below a very thick 
covering of drift and only reappear in the vicinity of Taylor 


and Raging River. 





* A part of the work was undertaken by the writer during the season of 
1909 and the details are to be found in the maps accompanying a report on the 
coal field of King County, Bulletin No. 3, Washington Geol, Survey 1912. 
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In addition to folding, the strata have been cut by numer- 
ous faults, the most prominent of which trends in a sinuous 
manner nearly east and west and has dislocated the strata nearly 
at right angles to their strike. This fault appears to begin in 
Section 21 and to extend westerly through Sections 20 and 19 
of Township 21 North, Range 7 East, into Sections 24, 13, 14 
and 15 of the township immediately west. The dislocation along 
this fault plane has been definitely shown in the underground 
workings of the Franklin mine and in the dislocated positions 
of the big heavy massive Franklin sandstone adjacent to the 


fault plane. Numerous minor faults occur in this region. 


CONDITIONS OF DEPOSITION, 


The Eocene sedimentaries of the Green River area as well 
as those in the Pierce County coal field are of shallow water 
origin. ‘They were deposited in an estuarine basin which dur- 
ing the progress of Eocene time was in a state of differential 
oscillation. The results of these diastrophic movements are to 
be observed in the alternating character of the sediments and 
in the numerous interbedded coal seams. Some of the lower 


grade seams attain a thickness as great as fifty feet. 


CEDAR MOUNTAIN AREA. 


GEOGRAPHIC DISTRIBUTION. 


This area is situated within Cedar River Valley in Sections 
29 and 30, Township 23 North, Range 6 East. The surround- 
ing country is very heavily covered with glacial drift. Three 
miles to the north, the basalts of the Newcastle anticline out- 
crop and five miles to the west the Renton coal measures ap- 
pear. Exposures of this formation are well developed in the 
banks of Cedar River in Section 29. In Section 30 the strata 
are well developed along the county road and in the hill just 
south. A number of coal seams occur interbedded with sand- 
stones and shales and these have been opened up by a series 


of underground tunnels. 
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STRATIGRAPHY. 

The Eocene formations in this region are composed almost 
entirely of sedimentary rocks, consisting of sandstones, shales 
and carbonaceous beds. The total thickness of the strata as 
measured upon the surface is over two thousand feet. The 
lower eight hundred feet of the section contain the coal seams. 
The upper half of the section is predominantly shaly. The sec- 
tion as a whole is lithologically somewhat similar to that ex- 
posed at Renton. The following stratigraphic section has been 
measured : 


Stratigraphic section as measured at Cedar Mountain along county road. 
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GEOLOGIC STRUCTURE. 


In Section 20, Township 23 North, Range 6 East, the strata 
have a strike of North 20° West and dip to the northeast. In 
this particular locality they may represent the southwest limb 
of a syncline whose axis lies somewhere southwest of May Creek 
and trends northwest to southeast. If so, the north limb of 
the syncline should reach the surface along the valley of May 
Creek. 

South from Section 20 at Cedar Mountain the strike swings 
and becomes more nearly north and south and in Section 30 
becomes North 45° East with a southeasterly dip. The strata 
of Cedar Mountain are possibly involved in the nose of a south- 
easterly pitching anticline, and are more or less dislocated by 


faulting. 
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RAGING RIVER AREA. 
GHOGRAPHIC DISTRIBUTION. 

Eocene deposits occurring within this area are confined al- 
most entirely to Township 28 North, Range 7 East and the 
north half of Township 22 North, Range 7 East. Raging 
River Valley heads in the southern part of Township 23 North, 
Range 7 East and extends nearly due north to the valley of 
Snoqualmie River. A few surface exposures of sandstones and 
shales occur but the greater part of the area is deeply covered 
with glacial sand and gravels. The rock outcrops are confined 
chiefly to the small canyons along the valley slopes. The floor 
of the valley is entirely covered with drift. Elevations in this 
region range from 1,000 to 3,500 feet. The entire area is coy- 
ered with a dense growth of forest and underbrush. 

STRATIGRAPHY, 

Exposures of Eocene rocks occur as a rule in small discon- 
nected patches rendering it difficult to determine the relation 
of one outcrop to another. Sandstones and shales outcrop in 
the beds of the creeks west of Raging River between Preston 
and Kerriston. Low grade coal and carbonaceous bands are 
interbedded with the sediments and several years ago were pros- 
pected. All of these materials have been invaded by dikes of 
andesite and rhyolite. Nearly all the coal seams are more or 
less disrupted and in places baked. Such exposures as occur 
along the divide between Raging River and Issaquah Creek are 
composed of a brownish yellow badly altered igneous rock. Some 
of the fresher specimens upon examination are found to be a 
rhyolite intrusive. To the north of Taylor the dikes are ande- 
sitic in character. It is possible that these intrusives may be 
in part contemporaneous with the Eocene deposits but pre- 
sumably the greater proportion of such outcrops are a part of 
the igneous materials which were intruded in the near vicinity 
during the upper Miocene or lower Pliocene. The greater por- 
tion of the ridge between Raging and Snoqualmie valleys is 
composed of andesite and tuffs belonging to the Enumclaw Vol- 


‘anic Series. These lavas cover extensive areas from the foot- 
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hills of the Cascades to the summit of the range. It is quite 
possible that these dikes are remnants of feeders to these late 
Miocene flows. 

The sandstones are brownish gray in color, medium grained 
and in places cross bedded. The shales grade from a clayey 
condition to a banded sandy shale. They are best exposed in 
Sections 9, 16, 21 and 26. They also outcrop in Sections 32 
and 33 and continue into the township immediately south where 
they are well developed in the vicinity of the Taylor coal mine 
in Sections 2, 4 and 5. Shales and sandstones with interbedded 
coal seams occur on the divide between Snoqualmie and Raging 
River valleys in Sections 1 and 12, Township 23 North, Range 
7 East. No very detailed stratigraphic sections can be meas- 
ured with the exception of those exposures occurring within the 
Taylor mine. In the main crosscut tunnel of the mine a cross- 
section of the strata is as follows: 
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The sedimentary strata are of brackish water origin. No 
marine fossils are known. The most common species are Batissa 
newberryt White, Cyrena brevidens White and Corbicula puget- 
ensis White. These species are characteristic of the estuarine 
Eocene of western Washington but give no clue as to what par- 
ticular portion of the upper Eocene they represent. 

GEOLOGIC STRUCTURE. 

The well defined anticline extending easterly from Lake 
Washington past Issaquah to Grand Ridge apparently flattens 
out in the region between Issaquah and Taylor and develops 
into a complex series of small anticlines and synclines. This 
complex folding has been further complicated by much fault- 
ing and the strata have been badly dislocated as the result of 
numerous igneous intrusions. In Township 23 North, Range 
7 East, the strata have been so badly disrupted as to make it 
impossible to determine any well defined structure. The west- 
ern limb of an anticlinal axis appears to trend about North 
35° West through Sections 22, 16, 9, 8, 5 and 6. Numerous 
strikes and dips have been recorded; many of them are at 


variance with one another, but the majority of those taken on 
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outcrops that appear to be least disturbed, possess a south- 
westerly dip averaging 35°. To the west of the sedimentary 
outcrops just mentioned, the only pre-glacial formations ex- 
posed are a few scattered outcrops of badly altered igneous 
rocks occurring in Sections 17, 18, 19 and 20. The areal dis- 
tribution of these has been indicated upon the accompanying 
map and while no definite statement can be made, yet the re- 
lations of the sedimentaries to the igneous suggest a fault 
trending North 15° West. If such a fault exists the sedi- 
ments along the western slope of Raging River Valley have 
been dropped down to the northeast. The central portion of 
Raging River Valley contains no outcrops. It is deeply filled 
with deposits of glacial drift. In Sections 1 and 12 in the 
northeast corner of Township 28 North, Range 7 East, the 
Eocene sediments have a prevailing strike of North 35° West 
and a dip of 62° to the southwest. They are isolated from 
any of the surrounding outcrops and may possibly represent 
the western limb of a second anticline lying parallel to, and 
to the northeast of, the one previously mentioned in Sections 
9, 16 and 22. If so, a broad synclinal trough must lie along 
the present position of Raging River or a little to the east of 
it. The strata as exposed in the underground mine workings 
in Sections 1 and 12 are badly dislocated as the result of fault- 
ing. 

In the southeastern corner of Township 23 North, Range 
7 East, a number of rock exposures outcrop in Section 26, 
about one-half mile west of Kerriston. These strata assume a 
nearly east-west strike with an average dip of about 46° to 
the south. They are presumably a part of the southwestern 
flank of the anticline referred to as trending through Sections 
16, 21 and 22 on the west side of Raging River. 

In Sections 2, 3, 4, Township 22 North, Range 7 East in 
the vicinity of the Taylor mine the strata have been folded into 
a well defined syncline trending North 45° West and approxi- 
mately parallel to the other two anticlines just mentioned and 
lying to the southwest of them. The maximum width of this 
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syncline is a little over one mile and it may be traced north- 
westerly into the northwest quarter of Section 33, Township 
23 North, Range 7 East. No pre-glacial outcrops have been 
found between this syncline and those exposures occurring in 
Section 26, Township 23 North, Range 7 East, just south of 
Kerriston. 

The strata at Kerriston have a southwest dip in common 
with those on the northeast flank of the synecline at Taylor. It 
is possible that the strata at Taylor are the basal portion of 
those occurring on the east side of the Taylor syncline. There 
is also a possibility that there may be an anticline trending 
northwest to southeast somewhere between Taylor and Kerris- 
ton along the divide between Rock Creek and the head of Rag- 
ing River. There is no direct evidence to support either view. 

About three-quarters of a mile southwest of the Taylor 
syncline another anticline has been developed which trends 
North 45° West through the centers of Sections 4 and 10, 
Township 22 North, Range 7 East, into Sections 32 and 31 
of the township immediately north. The position of this anti- 
cline has been largely determined from strikes and dips oceur- 
ring at isolated points along its course. 

In the discussion of the Newcastle-Issaquah anticline refer- 
ence has been made to sedimentary outcrops containing coal 
seams, lying along Guy Creek in Sections 12 and 13, Town- 
ship 23 North, Range 6 East. They may represent a block of 
Hocene sediments formerly resting upon the underlying basalts 
and which were dropped into their present position as a fault 
block between Tiger and Issaquah mountains. Observations 
taken on the strike and dip in Section 12, on Guy Creek, show 
an average strike of North 16° East and a dip of 45° to the 
northwest. Just south, in Section 13, the strike of these same 
strata appears to swing around to the northwest and assume 
a position almost due east and west. The dip is southwesterly 
and some minor faulting is indicated in places. In Section 12 
these strata rest unconformably upon igneous rocks. The con- 


tact is not an intrusive one but rather one of sedimentation. 
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About one and one-half miles southwest of Preston a num- 
ber of small local outcrops of shale containing carbonaceous 
seams project through the glacial drift. They are badly 
broken and dislocated and no definite structure could be deter- 

mined. The prevailing strike is North 50° West and the dip 
| very steep to the northeast. 


QUIMPER PENINSULA AREA. 
GEOGRAPHIC DISTRIBUTION. 

The Quimper Peninsula forms the extreme northeastern cor- 
ner of the Olympic Peninsula. The surface distribution of the 
Eocene deposits within this area is confined to two belts. One 
of these belts trends northwesterly from Hood Head and Olele 
Point to the south end of Discovery Bay and thence to Sequim 
Bay. The other belt lies to the southwest of Quilcene and 
extends along the western margin of Hood Canal to Mason 
County. Between these two belts and on the north side of the 
first belt, there are deposits of shale and sandstone of Oligo- 
eene age. Both the Eocene and Oligocene rocks are thickly 
covered with glacial drift. Such outcrops as occur are mostly 
along the shores of the Canal and its inlets. 

The Eocene rocks in this region consist largely of basic 
andesites and intercalated bands of tuff, a part of which have 
been deposited in water. Exposures of these rocks occur along 
the shore line most of the distance from Olele Point to Hood 
Head. The contact between the Eocene and the overlying 
Oligocene sedimentaries appears in a low cliff immediately north 
of Olele Point. Shales rest directly upon basaltic andesites. 
No basal conglomerate is present at this locality and it is pos- 
sible that the contact may be a fault plane rather than one of 
deposition. The rocks at Olele Point are distinctly tuffaceous 
and noticeably stratified. One-half mile south of the Point there 
is a long narrow channel extending inland a distance of about 
one mile to the small Indian village of Mats Mats and along 
the shores of this inlet the rocks may be studied in detail. To 
the south of this locality and towards Hood Head, the igneous 
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materials become more dense and occur as lava flows. Hood 
Head is a rock outlier of andesite and the country to the west 
of it is composed of glacial drift. The contact as mapped be- 
tween Olele Point and Port Discovery Bay is only approximate 
since exposures of bedrock occur at only a very few localities. 
Andesite may be seen in contact with the overlying Oligocene 
conglomerates in a small creek near Anderson’s Lake in See- 
tion 10, Township 29 North, Range 1 West. At this point 
the outcrops are at the falls and along the gorge of the creek 
just mentioned. Exposures of Eocene andesite occur in cliffs 
nearly 100 feet high along the east shore of Port Discovery 
Bay, between its head and Woodman Station. One-third mile 
north of Woodman Station Oligocene sandstones outcrop at the 
water’s edge and dip at a very low angle to the north. ‘Two 
miles south of Woodman Station conglomerates rest upon the 
igneous rocks. ‘The contact on the north side of this belt of 
andesite may be traced from the western shore of Port Dis- 
covery Bay westerly to Sequim Bay. From the south end of 
Port Discovery Bay to the head of Dabop Bay at Quilcene the 
only bed rock exposures are shales and sandstones of Oligocene 
age. <A high hill lies to the southwest of Quilcene, the central 
portion of which is composed of basic andesite. High upon its 
slopes it is thickly mantled with glacial gravels and sands. 
Similar igneous rocks form the hills bordering Hood Canal 
from Quilcene southward to Dosewallips River. These andes- 
ites, although disconnected by surface deposits of drift and the 
waters of Hood Canal, are in reality an extension of those in 
central Kitsap County. The contact between the igneous rocks 
and the Oligocene sedimentaries in the vicinity of Quilcene is 
very indefinite. Exposures of shale occur in the railway cuts 
two miles north of the town and exposures of andesite three 
miles to the southwest. 
LITHOLOGY. 

The textural and mineralogical characters of the rock vary 

considerably in different localities. On the east shore of Port 


Discovery Bay, south of Woodman Station, the formation is in 
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part a flow breccia. Large sized blocks of vesicular rounded 
masses of andesite occur embedded in a fine grained matrix of 
hardened tuff and lava exhibiting flow structure. Intercalated 
with this phase there are tongues of typical andesitic lava flows. 
A microscopic examination of the plagioclase crystals shows 
them to belong to the basic labradorite variety. Augite and 
minor amounts of hornblende compose the dark minerals. A 
few sections revealed the presence of a small amount of olivine. 
The surface exposures of the rock are deeply weathered and 
fresh specimens are difficult to obtain. 

The tuffaceous phases are banded and often have thin 
layers of shale and clay interbedded. In the vicinity of Olele 
Point bands of tuff averaging two or three feet in thickness are 
interbedded with lava flows of about the same thickness. They 
are stratified and occasionally contain marine Eocene fossils. 

GHOLOGIC STRUCTURE, 

The main structural features involving the pre-glacial 
formations of the Quimper Peninsula consist of an anticline 
and syncline parallel to each other and trending southeast to 
northwest. The axis of the anticline lies along the area desig- 
nated upon Plate IV as Tejon lavas. The banded phases of 
the lavas near Olele Point have a prevailing strike of east and 
west and a dip of 40° to the north. The overlying Oligocene 
sendimentaries exposed along the shores of Oak, Scow, Port 
Townsend and Port Discovery bays have an average east to 
west strike with a northerly dip ranging from 15° to 45°. An 
examination of the strikes and dips as platted upon the maps 
around the shores of Port Townsend and Scow bays indicates 
minor transverse folding of the strata on the north limb of the 
anticline. 

Between Port Discovery Bay and Quilcene, Eocene rocks do 
not outcrop at the surface. There are a few exposures of the 
overlying Oligocene sandstones and shales. These haye been 
folded so as to form a synclinal trough which also presumably 
involves the underlying lavas. Observations on strike and dip 
at the south end of Port Discovery Bay indicate that the nose 
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of the synclinal trough is not far to the southwest. It presum- 
ably extends easterly into Kitsap County but this cannot be 
proved on account of the lack of surface exposures. The anti- 
cline referred to may extend westerly past the south end of 


Sequim Bay. 
PORT CRESCENT AREA. 


GEOGRAPHIC DISTRIBUTION, 

The type occurrence of the Eocene in this area is along the 
cliffs in the vicinity of Crescent Bay and Observatory Point on 
the south side of the Strait of Juan de Fuca. The region for 
some distance south of the shore is heavily covered with deposits 
of glacial drift but judging from such outcrops of Eocene rocks 
as are available they probably occupy the entire area southward 
from the shore line to the east-west center line of Township 30, 
Ranges 7 and 8 West. he western limit of these outcrops has 
been designated upon the geological map as extending from 
Section 16, Township 30 North, Range 8 West in a north- 
westerly direction to a point on the shore line on the Strait 
about two miles west of Port Crescent. This contact has been 
approximately drawn. To the south, the Eocene rocks extend 
into the northern ridges of the Olympic Mountains. To the 
east they may be seen outcropping in the canyon of Elwha 
River and presumably they underlie the glacial drift still farther 
east as far as Dungeness River. 

The outcrops are conspicuous as bold rugged sea-cliffs 
ranging from ten to over one hundred feet in elevation and ex- 
tending along the Strait from a point two miles west of Port 
Crescent to a point one mile east of Observatory Point in Fresh- 
water Bay. Plate XIII. 

Immediately south from the shore line, the entire region is 
so thickly covered with drift that all of the bed rock formations 
are deeply buried. The first reappear in the cuts along the 
county road in Section 16, Township 80 North, Range 8 West 
on the north side of Lake Sutherland. Immediately west of this 
point strata composed of sandstones and shales outcrop which 


overlie the Eocene and are believed to be of Oligocene age. ‘To 
—5 
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the south of the valley formed by Lake Sutherland and Lake 
Crescent the Eocene rocks extend into the foothills of the Olym- 
pics. About six miles east of Lake Sutherland they are well 
exposed in the canyon of Elwha River. From that point east- 
ward careful examination has not been made to determine their 
extent. About four miles south from Port Angeles they may be 
seen in Frazier Creek where they rest beneath the Oligocene 
sandstones and shales. 
LITHOLOGY. 

The rocks entering into the Eocene formations in the Port 
Crescent area are composed for the most part of basic igneous 
lavas of a basaltic character. Sandstones and shales are oc- 
casionally interbedded. The basaltic rocks vary in character, 
ranging from dark, fine-grained, dense lavas to vesicular and 
fragmental material. In many places the vesicular cavities are 
filled with secondary radiating crystals of natrolite which often 
attain a size of two inches in diameter. In a number of in- 
stances the flow lines are well exhibited in the cliffs along the 
shore. Often these are abruptly cut by small intrusive bodies of 
basalt which have forced their way up from below through the 
already consolidated surface flows giving the rock a much con- 
torted appearance. 

~The interbedded sedimentary materials and water-worn 
tuffaceous materials vary considerably. The tuffaceous ma- 
terials are sometimes distinctly bedded and show evidences of 
marine deposition. Interbedded with these there are often small 
lenticular bands of sandstone and shale. Sometimes the tuffs 
consist of a consolidated mass of heterogeneous materials rang- 
ing in size from that of a pea up to irregular sized blocks sev- 
eral feet in diameter. Many of the sandstones, shales, and 
stratified tuffaceous layers contain marine molluscan remains. 
These are quite numerous along the shore cliffs about one-half 
mile east of Tongue Point. 
STRATIGRAPHY. 
The contact between the Eocene formation and the overly- 


ing Oligocene sedimentaries occurs on the south shore of the 
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Strait of Juan de Fuca near the mouth of Whiskey Creek. 
From the mouth of this creek, Eocene rocks are exposed almost 
continuously easterly to Freshwater Bay. The upper portion 
of the Eocene section as exposed between the contact at Whiskey 
Creek and a point two miles east of Port Crescent consists of 
alternating marine sediments together with basaltic tuffs and 
flows all of which dip to the southwest. These rest upon basaltic 
flows of an unknown thickness. That portion of the Eocene for- 
mation in this region which can be measured is approximately 
4,000 feet thick. The top of the section occurs at Whiskey 
Creek and the base is situated two miles east of Port Crescent. 
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In the tuffaceous shales just east of Crescent Bay and in 
the sandstone layers interbedded with the tuffs at the east end 
of the bay are marine Tejon fossils. The following fauna has 
been collected: 

Anomia subcostata Conrad 
Cardium breweri Gabb 
Modiolus ornatus Gabb 
Venericardia planicosta Gabb 
Calyptraea excentrica Gabb 
Turritella woasana Conrad. 


The same fauna occurs in a similar tuffaceous material on 
the southeast coast of Vancouver Island at Albert Head. The 
fauna is typically Tejon and of the same a 


ge as faunas in 


Lewis and Cowlitz counties. 
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GEOLOGIC STRUCTURE. 

The structure of this area may be regarded as consisting of 
the northeast limb of a northwesterly pitching syncline. To 
the west of Port Crescent for a distance of twelve miles a tra- 
verse was run along the beach and careful observations made on 
the strike and dip at various points. These were tied in to the 
traverse line. The axis of this syncline intersects the shore line 
near Twin Post Office. Along the road from Port Crescent to 
Lake Crescent at a point about two miles north of Fairview 
Post Office outcrops of sandstones and shales are well defined. 
Observations made on the strike and dip in this vicinity indicate 
the presence of the southeastern extension of this same synclinal 
axis. Near the center of the north side of Lake Sutherland the 
Jocene basalts appear, apparently resting uncomformably be- 
low Oligocene sediments. This point is assumed to be approxi- 
mately the keel of the synclinal axis. The outcrop of the basaltic 
rocks cannot be traced on the surface northward to the coast 
line. The same contact, however, does occur on the coast-line 
about two miles west of Port Crescent and the overlying Oligo- 
cene sediments possess a northwest strike and southwest dip. 
The interbedded Eocene sandstones and shales have an average 
strike of North 70° West and an average dip of 30° to the south- 
west toward the axis of the syncline. This condition holds true 
as far east as Freshwater Bay. At one or two places in Crescent 
Bay, as may be seen upon the map, there are exceptions, but 
these may be explained as due to local faulting and slipping. 

A synelinal trough trends southeasterly from Freshwater 
Bay and crosses Frazier or Tumwater Creek about three miles 
south of Port Angeles. The axis of this syncline crosses Morse 
Creek in Section 29, Township 30 North, Range 5 West. 

In this portion of Washington during the Eocene eruptions 
of igneous materials were taking place almost continuously. 
The region around Crescent Bay was an embayment of the Eo- 
cene sea and basaltic lava flows were poured out on to the sea 
floor. At intervals ashes were ejected and these were afterwards 


worked over by the waves and redeposited as tuffaceous shales. 
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Similar conditions appear to have taken place as far north as 
Vancouver Island. 
BALD HILLS AREA. 
GEOGRAPHIC DISTRIBUTION. 

The Bald Hills constitute a prominent topographic feature 
of central Kitsap County. When viewed from a distance they 
stand in marked contrast to the prevailing level bench topogra- 
phy so common to the greater portion of the Puget Sound 
Basin. These hills are composed of basic andesitic lavas to- 
gether with small amounts of shale and sandstone all of which 
are of Eocene age. Outcrops of the formation are best exposed 
in the west central portion of the county to the south and west 
of Bremerton in Townships 23 and 24 North, Ranges 1 and 2 
West. Accessible exposures may be seen along the shores of 
Sinclair Inlet immediately southwest of Bremerton. 

If the glacial drift which covers the greater portion of the 
county were removed presumably the surface exposures of the 
entire southern half of the county would be composed of Eocene 
andesites and sediments. The lavas of the Bald Hills would 
directly connect with the same rocks of the Black Hills of 
Thurston and Mason counties as well as those of eastern Jeffer- 


son County. 
CHARACTER OF OUTCROPS. 


The surface exposures of the northern half of Kitsap Coun- 
ty are entirely of glacial origin. The average elevation of the 
surface of this portion of the county is 500 feet above sea level. 
The monadnock-like ridges forming the Bald Hills have an ele- 
vation of 1,000 feet. They form the drainage divide between 
Hood Canal on the west and Admiralty Inlet on the east. Sur- 
rounding the Hills on all sides are very thick deposits of glacial 
drift. They are much thicker on the west than on the east. 
The Eocene formations pass beneath the drift and presumably 
form a part of the floor of Hood Canal and connect with the 
lavas near the mouth of Dosewallips River. Because of the 
heavy overburden of glacial deposits along the western slopes 
of the Bald Hills no surface outcrops of the Eocene formations 
occur along the eastern shore of Hood Canal in Kitsap County. 
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Bald Mountain ridge possesses a general trend of North 
45° East, approximately parallel to Hood Canal. No ex- 
posures of basalt occur north of Bremerton. In Dyes Inlet 
which extends east from Bremerton to Silverdale, outcrops of 
the overlying Oligocene strata may be seen outcropping in the 
cliffs along the water’s edge. To the north of this inlet no 
strata older than the Pleistocene glacial deposits are known 
to exist either in the cliffs along the shore line or inland. 

On the eastern side of Bald Mountain ridge outcrops of 
basalt may be seen in places even as far as Sinclair’s Inlet 
where the glacial drift has been removed by erosion. On the 
shores of this inlet, about two miles southwest of Bremerton in 
Sections 28 and 33, Township 24 North, Range 1 Hast, excel- 
lent exposures of the basalt may be seen. It outcrops along 
the shore for a distance of over one mile. At the north end of 
the exposure, it appears only a few feet above sea level and is 
overlain with glacial gravels and sand. The contact surface 
between the basalt and the glacial deposits exhibits fine ex- 
amples of glacial grooving and scouring. Further to the 
southwest along the shore and near the head of the inlet a large 
quarry has been opened in the basaltic cliff. Here flow structure 
and the vesicular character of the basalt may be studied. 

Southeast of Sinclair Inlet no outcrops of basalt have been 
noted at any point within Kitsap County. The only rocks ob- 
served are the various phases of glacial drift. To the south- 
west of Bremerton, towards Clifton and from there on to De- 
watto the only exposures observed are of glacial origin. Basaltic 
lavas undoubtedly exist in this region below sea level but are 
so deeply buried with glacial deposits that no exposures out- 
crop at the surface. 

LITHOLOGY. 

Nearly all of the Eocene formations occurring within the 
Bald Hills area are composed of basaltic and andesitic lavas. 
Interbedded with these in a few places are narrow bands of 
sandstone. The prevailing lithologic character of the rock is 


of the typical black, fine but even-grained basalt. Associated 
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with this are numerous layers having a vesicular structure. 
The steam holes range in size from the head of a pin to over 
one inch in diameter. Commonly these are filled with secondary 
minerals such as natrolite. In a number of places and espe- 
cially in Section 30, Township 24 North, Range 1 East, these 
amygdaloids of natrolite are very conspicuous. They are 
commonly referred to by the people living in that vicinity 
as fossil shells... In the exposures along Sinclair Inlet, 
southwest of Bremerton, both the fine-grained dense vari- 
ety as well as the vesicular may be seen in the cliff. In those 
localities near the quarry where the fresher rock is continu- 
ously being exposed, these types may be studied to advant- 
age. Here much jointing and fracturing has occurred and 
along these joint and fracture planes, secondary alteration is 
in evidence. The faces of the joint planes are commonly coy- 
ered with a coating of red iron oxide. In the Bald Mountain 
ridge jointing is very prominent, giving rise to columnar struct- 
ure. These columns are roughly hexagonal in shape and stand 
nearly vertical being at right angles to the lava flows. Inter- 
bedded with the basalts are occasional bands of fragmental ma- 
terial composed of rough angular blocks of basalt imbedded in 
finer tuffaceous materials. These are not, however, character- 
istic of the Eocene igneous materials of Kitsap County. Such 
sedimentary rocks as occur interbedded with the Eocene lavas 
are not very prominent. They have been observed only in a very 
few places. On the north side of Bald Hill ridge about three 
miles southwest of Chico in Section 12, Township 24 North, 
Range 1 West, sandstones may be seen in a small creek. 

At this point they are cut by diabase dikes which were 
probably the feeders for some of the basaltic layers lying above 
this particular sandstone stratum. No fossils were seen in this 
sandstone but in so much as it is interbedded with the basaltic 
layers and since eruptions of basaltic lavas seem to have ended 
at the close of the Eocene, the sandstone may be also considered 
as belonging to this period. 
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GEOLOGIC STRUCTURE, 


No very important details concerning the structure of the 
Eocene formations in Kitsap County can be determined. In 
the southern part of the county the lava flows appear to lie 
nearly horizontal or perhaps in gentle undulations. Extending 
in a direction a few degrees north of west from the entrance to 
Bremerton Inlet westward to Chico, there is evidence of a well- 
defined monocline or possibly the north limb of an anticline. 
This evidence is obtained from observations taken on the strike 
and dip of the Oligocene sandstones and shales at Restoration 
Point, Orchard Point and along the shores of Dyes Inlet. At 
least 9,000 feet of Oligocene strata are exposed and assume a 
persistent average strike of North 85° West with a dip ranging 
from 45° to 88° to the northeast. The basal beds which strati- 
graphically le nearest to the Eocene basalts and which pre- 
sumably rest unconformably upon the basalts are dipping near- 
ly vertical. The actual contact between the overlying Miocene 
sediments and the underlying Eocene basalts is everywhere cov- 
ered over with glacial drift. It seems probable that just south 
of this contact the basaltic layers have been folded downwards 
in accordance with the overlying Oligocene formations. It is 
possible, although there is no direct evidence to support such a 
view, that a nearly vertical fault plane may exist parallel with 
the contact. Between Quilcene and Discovery Bay in the east- 
ern part of Jefferson County a syncline has been referred to 
which extends southeasterly in a general direction of South 45° 
Kast. The central part of this syncline is composed of Oligo- 
cene sandstones and shales. On the northeast and southwest 
flanks and lying beneath the sediments are Eocene basalts. 
The south limb appears to be a continuation of the Bald Hill 
basalts although its areal continuity is interrupted by the 
glacial deposits along Hood Canal. The basalts on the north 
side of this syncline outcrop at Hood Head and near Port Lud- 
low. If these outcrops were extended southeasterly they would 
diagonally cross the north end of Kitsap County from Port 


Gamble to Kingston. Because of the very thick covering of 
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glacial drift in this region, however, no pre-glacial rocks have 
been seen. It is to be presumed that they do underlie this 
portion of the county, though perhaps below sea-level, and if 
so, represent the reappearance on the north limb of the syncline 
of the same basaltic layers outcropping in the Bald Hills and 
forming the south limb of the syncline. The axis of such a 
syncline would extend through Township 26 North, Range 1 
East, southeasterly through the north part of Bainbridge 
Island and thence. across Puget Sound into the north part of 


Seattle. 
BLACK HILLS AREA. 


GEOGRAPHIC DISTRIBUTION. 

The Black Hills are situated in the northwestern portion 
of Thurston County and extend into the extreme eastern part 
of Grays Harbor County. They involve a large part of Town- 
ships 16, 17, and 18, Ranges 3 and 4 West. They form a 
group of hills attaining an elevation of over 1,500 feet. They 
are composed almost entirely of basaltic lavas which are flanked 
on all sides by deposits of glacial drift. 

To the north of the Black Hills, in Mason ( ounty, the sur- 
face formations are largely of glacial origin, but here and there 
projecting through the drift are rounded knobs of basalt ex- 
hibitng glacial scouring. It seems best to include these with 
the Black Hills for discussion. The north limits would then ex- 
tend as far as Hoodsport on Hood Canal. The western limits 
would extend from Hoodsport southwesterly to Matlock and 
thence to McCle: ary in Section 11, Tow nship 18 North, Range 
5 West. From McCleary the contact between the Eocene 
formation and the Oligocene can be fairly determined from ex- 
posures in the creeks. It extends to Section 1, Township 17 
North, Range 5 West, where it may be seen in the banks of 
Porter Creek. From Porter Creek it passes through Sections 
12, 14, 23, 26, and 35 of the same township and range and 
thence due southeast to a point one mile west of Oakville w here 
it may be seen in a Northern Pacific Railw: ay cut. From Oak- 
ville the eastern limits of the basaltic area follow the line of 
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the railway past Gate to Little Rock. It then crosses the glacial 
outwash prairie of Thurston County to a point north of Plumb 
Station on the Port Townsend and Southern Railway. The ba- 
salts occurring at Tumwater Falls south of Olympia are in- 
cluded within this area. The northeastern limits of the area 
cannot be definitely determined because of the heavy over- 
burden of glacial drift. 


CHARACTER OF OUTCROPS. 


Within the Black Hills the basaltic masses outcrop as high 
rounded hills which form the divide between those streams flow- 
ing northeasterly to Puget Sound and those flowing southwest- 
erly into Chehalis River and thence direct to the Ocean. This 
divide varies in elevation. Between Little Rock and Gate along 
Black River it rises abruptly from an elevation of about 200 
feet to an elevation of 800 feet. It extends due north as a ridge 
between Bordeaux Creek and Cedar Creek into the corner where 
Townships 17 and 18, Ranges 3 and 4, meet. In these hills the 
small creeks head and flow outwards through steep canyons. 
Extending up Bordeaux Creek through the lumbering town of 
Bordeaux there is a logging railroad, along whose grade many 
rock cuts have been made. In these the contact between the 
overlying glacial drift and the surface of the basalt may be 
seen. ‘These surfaces always show the effect of glacial scouring 
in the form of grooves and polishing. On the higher slopes of 
the hills west of Delphi Post Office the vegetation is very heavy, 
but sufficient exposures exist to indicate that they are com- 
posed exclusively of Eocene basalt. In the smaller valleys lead- 
ing out from these hills the soil is always of a typical reddish 
color due to the oxidation of the iron bearing minerals in the 
basalt below. 

Extending from Little Rock to Gate on the west side of 
the Northern Pacific railway the basaltic rock forms a very 
steep escarpment in contrast to the level glacial outwash prairies 
immediately to the southeast. From Gate this escarpment 


swings around and extends in a direction North 20° West ap- 
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proximately parallel to the Northern Pacific railway and is 
three or four miles to the northeast of it. 

About fifteen miles northwest of Gate the general elevation 
of the Black Hills gradually becomes much lower and in the 
vicinity of Matlock they form a low divide between the Puget 
Sound basin and Grays Harbor. From Matlock the elevation 
of this divide gradually increases and soon merges into a high 
rugged spur of the Olympic Mountains, which passes up the 
south side of the-south fork of Skokomish River. The elevation 
of the gap at Matlock is 400 feet. This broad gap lying be- 
tween the Olympics and the Black Hills is thickly veneered with 
glacial drift, but at numerous points projecting through it are 
outcrops of basalt always more or less rounded and scoured. 
The more important outcrops are located between the railroad 
extending from Shelton to Cloquallam and the branch extending 
from Kamilchie to McCleary. These outcrops are never over 
five or six acres in extent. The surrounding soil is generally 
of a deep red color. Many of the pebbles in the glacial gravels 
surrounding them are composed of the same material. These 
knobs are often at an elevation of twenty-five feet above the 
surrounding glacial drift. Numerous outcrops of these ba- 
saltic areas may be seen along the old logging railway track 
and also along the county road extending from Shelton to Mc- 
Cleary. 

If the glacial drift of the Black Hills and the area north- 
ward to Hoodsport were completely removed it is very probable 
that the basalt would continue northward and directly connect 
with that occurring from Hoodsport northward to Quilcene and 
also with that in the Bald Mountain area of Kitsap County. 

In Tumwater Canyon just south of Olympia the Des Chutes 
River has cut its canyon down through the drift and into the 
basaltic rock. This basalt, while not areally connected with 
that in the Black Hills to the west, is a continuation of it, the 
intervening area being covered with glacial gravel and sands. 

Occasionally basalt may be seen outcropping in the east- 
tern part of Thurston County and in the valley of Nisqually 
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River, as well as along the divide between the head waters of 
the Des Chutes and Skookumchuck rivers. These eastern ba- 
saltic areas are probably in reality the eastward extension of 
those in the Black Hills. The two areas are separated by the 
glacial outwash prairies south of Olympia. 

To the northeast of the Black Hills among the inlets at the 
head of Puget Sound no basaltic formations outcrop at the 
surface. The only surface formations are glacial drift. Eocene 
basaltic masses may underlie Hartstine Island, McNeil Island, 
Carr Inlet and Tacoma, but there is no means of obtaining in- 
formation concerning their character or structure. No deep 
well borings are ayailable to determine how far below sea-level 
the upper surface of the basalt exists. 


LITHOLOGY. 


The Eocene formations within the Black Hills area are for 
the most part composed of igneous material. Occasionally in- 
terbedded sandstones and shales containing carbonaceous seams 
occur. The igneous materials consist of dense fine grained 
black basalt together with basaltic tuffs and vesicular layers, 
many of which are filled with amygdules of secondary natrolite. 
In places basaltic material of diabasic structure may be seen 
in the form of dikes cutting through the basaltic layers illustrat- 
ing the methods by which the molten lavas reached the surface. 
These amygdaloidal phases of the basalt outcrop just north 
of the county road at Delphi, about seven miles southwest of 
Olympia. In the Black Hills proper and in the hills surround- 
ing Bordeaux the basalt is of the fine grained, black, dense 
variety, ringing when struck with a hammer and breaking with 
a conchoidal fracture. In the exposures between Little Rock 
and Gate along the Northern Pacific Railway the basalt is 
often coarse grained and vesicular. In places in the ridge be- 
tween Bordeaux and Gate, pyroclastic materials are interbedded 
with basaltic flows. These, however, are not a very conspicu- 
ous feature among the basalts of the Black Hills area. 

The basaltic rock in Tumwater canyon south of Olympia 


is of the typical variety, ranging from fine to medium grained. 
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In the northern part of the area, in the vicinity of New Kamil- 
chie, Cloquallam and thence northward to Shelton, the small 
knobs of basalt which outcrop are nearly always very fine 
grained and dense in appearance, and usually much weathered 
and altered. Extending into the rock several inches from the 
joint plains are masses of soft red material, largely composed 
of iron oxide. The rock itself is usually, even in the fresher 
portions, more or less altered. 

About 1,000 feet west of Gate City in one of the small creek 
canyons leading up into the Black Hills, are exposures of sand- 
stone and shale, containing low-grade coal seams. The sand- 
stones are coarse grained, and have a yellowish brown color. 
They commonly show cross bedding and are presumably of 
estuarine origin. The shales are thinly bedded, of a brown 
color not very hard. In places there are beds of slightly car- 
bonaceous shales interbedded with the sandstones. In Section 
26, Township 16 North, Range 4 West, a seam of impure coal 
outcrops in the banks of a small creek which at this point has 
carved its canyon down through the sandstone leaving the igne- 
ous rock on either side. The sedimentary rocks are distinctly 
interbedded with basalts. 


GEOLOGIC STRUCTURE. 


Because of the absence of interbedded sedimentary rocks or 
stratified tuffaceous materials it is very difficult to determine the 
structure over the larger part of the Black Hills area. In the 
northern part of this district the basaltic outcrops form only 
isolated knobs, the intervening country being heavily covered 
over with glacial drift, thus rendering it impossible to actually 
connect any suggested structure from one outcrop to another. 
At the locality just west of Gate City where observations on the 
strike and dip of interbedded sandstones have been taken, the 
basalts along with the sedimentaries appear to be folded into a 
northwest-southeast direction. It is possible that the Black 
Hills, which trend northwest to southeast, may represent an 
anticlinal fold or warp, or possibly a series of closely folded 
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anticlines and synclines. Although there is no conclusive evi- 
dence on this point, the former is the more probable. 

Along the western contact of the basalt in the Black Hills 
area, sandstones and shales of Oligocene age are resting uncon- 
formably upon the former. The sediments have a strike ap- 
proximately parallel to the contact. This is nearly north and 
south with a low dip to the west ranging from 9 to 11 degrees. 
These Oligocene sandstones and shales constitute the east limb 
of the syncline whose axis trends nearly parallel to Chehalis 
River between Oakville and Elma. The basalt lying along the 
western margin of the Black Hills must form a part of this 
eastern synclinal limb. To the northeast of Olympia such 
structural relations as may exist among the basaltic flows are 
entirely obscured by the very heavy overburden of glacial drift. 
The lava formations are below sea-level. To the southwest of 
the high ridge exposed between Little Rock and Gate the greater 
part of the country is involved in glacial outwash prairies. In 
places along railroad, stream, or wagon road cuts the older 
bed-rock Eocene formations are exposed. The Eocene forma- 
tions here contain a larger amount of sedimentary material in 


which igneous flows are interbedded. 


ELK CREEK AND CHEHALIS RIVER AREA 
GEOGRAPHIC DISTRIBUTION. 

This area is situated in the southwestern corner of Lewis 
County in Townships 13 and 14 North, Range 6 West. It em- 
braces the drainage area of the south branch of Chehalis River 
and Elk Creek. The belt is traversed by the Willapa Harbor 
branch of the Northern Pacific Railway. The areal boundary 
lines of the formation have in certain places been definitely estab- 
lished. In many other localities because of insufficient outcrops 
the contact has been only approximately drawn. The bed-rock 
formations of the entire drainage area of Elk Creek are almost 
entirely composed of basaltic rock. Beginning at a point one 
mile west of Pluvius on the railway in Section 3, Township 12 
North, Range 6 West, the contact between the Eocene and 
Oligocene swings about North 45° West and follows along the 
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high ridge which forms the divide between Elk Creek on the 
east and Mill Creek, Wilson Creek and the head waters of North 
River on the west. At the head of Martin Creek, one of the 
tributaries to North River, the contact swings northeasterly, 
crosses the Lewis-Chehalis County line in the southeast quarter 
of Section 7, Township 15 North, Range 5 West and appears 
in the railway cut of the Grays Harbor branch of the O.-W. R. 
R. & N. Co. in Section 5 of the same township and range. It 
passes thence into the Black Hills area already described. The 
south boundary of the area may be arbitrarily chosen as the 
Lewis-Cowlitz County line. The areal outcrops of this forma- 
tion extend much farther south, but for purposes of description 
they will be considered in connection with the Columbia River 
area. The eastern contact of this belt is very indefinite. Along 
the south branch of Chehalis River and from Pe Ell southward, 
basaltic rock outcrops. These exposures are conspicuous in the 
high ridge immediately east of the river. On the eastern side of 
this ridge in the valley of the headwaters of the main branch of 
Chehalis River the bedrock formations disappear from view. 
The entire country is covered with very thick deposits of non- 
consolidated sands and clays. The last bed-rock outcrops to ap- 
pear are basalts. In the intervening area between the valley of 
the main branch of Chehalis River from Ceres to Wildwood on 
the west and the main line of the Northern Pacific on the east, 
occasional outcrops of bed-rock formations may be seen in the 
smal] canyons. These outcrops are partly of Eocene sedi- 
mentary origin and partly of Oligocene and will be described in 
the Cowlitz River area. It seems best to construct the eastern 
areal contact of the Elk Creek-Chehalis area on the eastern side 
of the valley of the main Chehalis River from Wildwood north- 
ward to Boistfort and from thence to a point on the Willapa 
Harbor branch of the Northern Pacific two miles west of Adna. 
From Adna the contact extends northwesterly along the divide 
between Bunker Creek and Chehalis River. Sedimentary rocks 
probably of Eocene age outcrop on Bunker Creek and contain 
carbonaceous seams. From the head of Bunker Creek the con- 
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tact extends about North 10° West past the head waters of 
Lincoln and Independence creeks and on the north side of the 
latter in Section 26, Township 15 North, Range 5 West, swings 
northeasterly and appears in the railway cut of the Oregon- 
Washington Railway and Navigation Co., in Section 10, Town- 
ship 15 North, Range 4 West. It then passes under the alluvium 
of Chehalis River Valley and connects with the basaltic area at 
Gate in the Black Hills area. 
CHARACTER OF OUTCROPS. 

That part of the area under consideration south of the Willa- 
pa Harbor branch of the Northern Pacific Railway is mountain- 
ous in character and very inaccessible. It is densely timbered 
and logging has not been attempted on any large scale. Along 
the south branch of the Chehalis River due south from Pe Ell 
rock outcrops are abundant. They are almost entirely com- 
_posed of basalt. Occasional bands of sandy shale are inter- 
bedded. In Section 10, Township 11 North, Range 5 West, 
quartz veins occur in the basalt. These are said to carry low 
values in gold and have been mined on a very small scale. 

Along the line of the Willapa Harbor branch of the Nor- 
thern Pacific Railway in the canyons of Chehalis River, out- 
crops of basalt are very common. Along the divide in the 
vicinity of Pluvius, Rock Creek and McCormick, the river has 
cut its channel into bed-rock. The surface exposures, however, 
are more commonly composed of thick deposits of Pleistocene 
clays and sands. At various intervals from Pe Ell to Doty and 
from Doty to Meskill, basalt with oceasional interbedded layers 
of sandstone and shale are very conspicuous. 

A traverse line was run from Doty westerly to the head 
waters of Elk Creek. The surface rocks in this drainage basin 
are for the most part composed of gravels, sands, and clays. 
Through these, Elk Creek has carved its course and exposed 
along its bed outcrops of basalt. These are exposed in places 
along the creek for a distance of six miles west of Doty. From 
there westerly to the head of the smaller branches of the creek 


the boulders along its course are composed of basalt. On the 
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headwaters of North River in the north half of Township 14 
North, and the southeast quarter of Township 15 North, Range 
6 West, basaltic outcrops make their appearance. 


DIVIDE BETWEEN COLUMBIA AND WILLAPA RIVERS AREA. 
GEOGRAPHIC DISTRIBUTION. 

The Eocene formations occurring within this area involve a 
belt approximately twelve miles in width and thirty miles in 
length. The belt extends diagonally from Willapa Harbor 
across Pacific County southeasterly to the point where Lewis, 
Cowlitz, Wahkiakum and Pacific counties meet. Its northeast- 
ern contact with the Oligocene sedimentaries crosses North River 
in Section 31, Township 16 North, Range 9 West. It continues 
southeasterly through a country where rock outcrops are very 
scarce and consequently the line as drawn upon the maps is only 
approximate. Between the towns of Raymond and South Bend 
its position is more definite. A quarry has been opened in the 
Eocene basalts one and one-half miles northeast of South Bend 
in Section 23, Township 14 North, Range 9 West, and one-half 
mile east of this locality Oligocene sandstones and shales form 
prominent outcrops. From South Bend the contact trends about 
South 40° East and crosses Trap Creek two miles south of Hol- 
comb Station in Section 11, Township 12 North, Range 8 West. 
It continues more nearly east along the west-east center line of 
Township 12 North, Range 7 West and then turns north cross- 
ing the railway about one mile west of Pluvius Station. 

The southwestern contact of this belt is near the north end of 
Shoalwater Bay. From this point it trends nearly South 40° 
East. It passes through Sections 26, 27 and 28, Township 11 
North, Range 9 West, and nearly due east across the center 
of Township 11 North, Range 8 West, and finally enters Wah- 
kiakum County. It can be observed on the left fork of Grays 
River and near the head of Fossil Creek. 

In Section 11, Township 10 North, Range 7 West, a small 
tongue shaped spur trends southwesterly for a distance of five 
miles. This narrow band is about one and one-half miles in 


width. In the south part of Section 13, same township and 
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range, the contact extends nearly due east through the center 

of the township just east, and crosses the head waters of the 

several branches of Skamokawa River. It crosses the left and 

right branches of Alockaman River in Sections 21 and 23, Town- 

ship 10 North, Range 5 West, and extends into Cowlitz County. 
CHARACTER OF OUTCROPS. 

This broad belt of the Eocene formation, whose areal limits 
have just been defined, occupies the divide between the drainage 
flowing northerly to the Willapa River basin and that flowing 
southerly to the Nasel and Columbia River basins. This divide 
ranges in elevation from two hundred to fifteen hundred feet 
above sea-level. It is very heavily timbered and in places at the 
headwaters of the several creeks there are steep escarpments. 
Disintegration of the rock formations has produced a very thick 
covering of soil which, together with the accumulations of veg- 
etable material, render rock exposures difficult to find. In addi- 
tion to these deposits produced by weathering there are forma- 
tions of clays and sandy clays, together with gravels somewhat 
bedded and very loosely consolidated. These vary in thickness, 
ranging from a few feet to over 100 feet. No fossils are found in 
these and they undoubtedly represent river deposits formerly 
laid down over this region when it possessed a much lower eleva- 
tion than it has today. 

As this divide gradually approaches Shoalwater Bay and 
Willapa Harbor the Eocene formations become thickly covered 
with Pliocene or Pleistocene sands, gravels and clays. Along 
the shore at Bay Center, the mouth of Nemah River, and at 
Bruceport, the young horizontally bedded sediments are well 
developed and only in a few places back from the shore do the 
bed-rock formations outcrop. 

Exposures of Eocene basalt may be seen in the city of South 
Bend and just south of town on the trail to Nemah. One of 
these outcrops, within the city limits, is being quarried for road 
material. In the several street cuts of the city the nearly hori- 


zontal Pleistocene clays may be seen overlying the basalt. 
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From South Bend a wagon road extends almost due south 
for a distance of five miles and then continues as a trail on to 
Nemah River. For the first three or four miles south of the 
city limits, the country is comparatively flat and about two 
hundred feet: above sea level. Numerous small creeks have cut 
their canyons into this flat surfaced country and where the trail 
passes along the walls of these small valleys exposures of bed- 
rock may be seen. In every case these are of basalt. At the 
point where the trail crosses the north fork of Nemah River 
outcrops of sandy shale may be seen in its bed and along its 
banks. The material is massive in character and no strike and 
dip could be obtained. These are believed to be interbedded with 
the basalts. From Nemah postoffice a road extends up the 
middle fork of Nemah River for a distance of five miles. At 
several points along the river the same sandy shale outcrops. 
In the northwest corner of Section 30, Township 12 North, 
Range 9 West the road crosses from the south to the north side 
of the river. In the road cut about 500 feet south from the 
bridge, exposures of sandy shales and_shaly sandstones are 
well developed. Observations on the strike and dip were taken 
at this point and yielded the following data: Strike North 20° 
West, dip 30° to the southwest. Thence the road continues on 
for some distance and then becomes a trail which has_be- 
come grown over so as to be no longer usable. Obser vations 
were made on the character of the rock up to the head of the 
river and such exposures as could be seen were of sandy shale. 

From South Bend a road extends southwesterly to the Palix 
River. The greater part of this distance is covered with late 
Pleistocene sands and shales. In several places, however, the 
bedrock, consisting of basalt, is exposed. 

In the high ridge extending from Nemah Harbor southeast- 
erly and lying between South Nemah and Nasel rivers there 
are exposures of basalt. These are usually heavily covered 
with sands and clays. The majority of the exposures occur- 
ring along the banks of Nasel River are of Oligocene age. On 
a small creek in Section 338, Township 11 North, Range 9 
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West, basaltic outcrops are well developed, and interbedded 
with these are sandstones. In Section 20, Township 11 North, 
Range 8 West, the contact between the basalts and overlying 
sandstones and shales crosses Nasel River. From this point 
northward the river flows through a gorge with steep rocky 
slopes, A second gorge is well developed from the junction of 
the north fork of Nasel River and the main stream. This con- 
tinues easterly a little over one mile to the point where Alder 
Creek enters Nasel River. About 500 feet up Alder Creek north 
from its junction with the main Nasel River, volcanic tuffs, to- 
gether with shales, are interbedded with volcanic lavas. They 
have been much disturbed by faulting and contain marine fos- 
sils. A traverse line was run to the head waters of Alder 
Creek over the main divide and thence down to Trap Creek. 
Along the Alder Creek portion of the traverse such exposures 
of bedrock as were seen were composed entirely of basalts. All 
the boulders and stream pebbles were of the same material. 
Along the main divide the bedrocks are heavily covered with 
sands and clays and a dense growth of forest. In places bould- 
ers and blocks of hard, massive, brown, coarse grained sand- 
stone were occasionally seen. They seem to be portions of inter- 
bedded layers of sedimentary rocks between the basaltic flows. 

On the north side of the divide in the valley of Trap Creek 
very few exposures of bedrock occur. The boulders in the 
streams are almost entirely composed of basalt. The hill slopes 
are thickly covered with residual soil in addition to the Pliesto- 
cene sands and clays. Small outcrops of basalt were seen on 
the north side of Trap Creek about three miles south of Willapa 
River. In Section 3, Township 12 North, Range 8 West, at a 
point where the main trail crosses Trap Creek, sandy shales out- 
crop in the bank of the river. They have a strike of North 20° 
East and dip 30° to the northwest. Further observations were 
taken on sandstones and shales in Sections 1 and 12, same town- 
ship and range, and from their lithological character they 
were thought to be of Oligocene age and the basaltic contact has 
been drawn just south. The sandy shale mentioned as occur- 
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ring in Section 3 is probably a sedimentary layer interbedded 
within the basalts. 

About one mile west of Holcomb basalts form prominent 
outcrops along the Northern Pacific Railway grade and con- 
tinue over the Willapa-Chehalis divide to Pe Ell. West of the 
contact rock exposures are not well developed, but such as do 
occur are a part of the overlying Oligocene formation. 

A traverse line was run from the Northern Pacific Railway 
at Raymond southward, up the south fork of Willapa River and 
detailed observations made on the various outcrops along the 
traverse. In the north half of Section 6, Township 13 North, 
Range 8 West, the basalt contact was found to cross the river, 
to extend southeasterly and again recross it in the west half 
of Section 8, the same township and range. On the northeast 
side of the contact marine fossiliferous sandstones and shales 
of Oligocene age were seen dipping at an angle of 35° to the 
northeast. Within the basaltic areas extending southwesterly 
from the contact, numerous bands of sandstones and shale oc- 
cur interbedded with the basaltic layers. No fossils could be 
found within these. Stratigraphically downwards from the 
Eocene-Oligocene contact the interbedded sedimentaries become 
less numerous and much thinner, and ultimately entirely disap- 
pear. In every case the upper limit of the basalt has been 
chosen as the contact between the Eocene and Oligocene forma- 
tions. The interbedded sandstones and shales are regarded as 
belonging to the Eocene. Future detailed studies may prove 
that a part of the basalt belongs to the Oligocene. 

On the left fork of Grays River, Oligocene sandstone and 
shales were found to outcrop as far as the boundary line between 
Pacific and Wahkiakum counties. The basaltic contact occurs 
approximately on the line between Section 5, Township 10 North, 
Range 7 West, and Section 32, Township 11 North, Range 7 
West. Near the contact, layers of basalt interbedded with sand- 
stones and shales begin to outcrop. In places layers of tuffaceous 
material are interstratified. For a distance of one-half mile 


north of the contact the sediments are quite commonly interbed- 
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ed with the basalts. Beyond that point basalt predominates. 
About one-half mile north of the junction of the left fork of 
Grays River and the main branch, on the former, the contact 
may again be seen. South of this contact the lower Oligocene 
shales and sandstones are well developed in the river banks, 
dipping southerly away from the basalt. Just north of the 
contact sandstones are interbedded with the basaltic layers. 
At this point, on the east bank of the river, a smal! diabase dike 
cuts the sedimentary rocks. Along the upper branches of the 
left fork of Grays River tuffaceous layers are very conspicu- 
ously interbedded with the basaltic flows. On the main branch 
of Grays River in Section 20, Township 11 North, Range 6 
West, about two miles north of Blaney Creek the tuffaceous 
and shaly layers outcrop very prominently. Marine fossils are 
very common in the shales. The shales are somewhat baked 
and never exceed over 100 feet in thickness. The creek flows 
through a very narrow valley and at a point near the junction 
of Blaney Creek flows through a gorge of basaltic rock. The 
headwaters of the several branches of Grays River lie entirely in 
basaltic areas. The fossiliferous shales above mentioned are 
lower Oligocene. 

The contact between the basalts on the east and the overly- 
ing fossiliferous sandstones on the west occur in Section 11, 
Township 10 North, Range 7 West. The basaltic hills trend 
southwesterly and form the divide between Grays River on the 
north and the west fork of Skamokawa River on the south. 
This divide is about 500 feet in elevation and thickly covered 
with Pliocene sands and clays, although basalt outcrops in 
places. 

On the main fork of Skamokawa River, basalts occur in 
the hillside throughout the north half of Township 10 North, 
Range 6 West. The creek valleys are commonly filled in with 
gravel and sand, but the basalts outcrop on the divides. The 
exact position of the contact could not be determined, but has 
been approximately drawn midway between the last outcrops of 
sedimentary rocks and the first outcrops of basalt. 


—————— 
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On Wilson Creek, which enters the main branch of Skamok- 
awa River in Section 29, Township 10 North, Range 6 West, ex- 
posures of sedimentary formations occur at various points up 
to the basalt contact which lies in Section 24, Township 10 
North, Range 6 West. The sedimentary rocks consist of iso- 
lated exposures along the river banks until the river valley 
flattens out and no more outcrops are seen. From that point 
northward the boulders in the creek are composed entirely of 
basalt and such exposures in the hills as are not covered with 
Pliocene sands and clays are also composed of basaltic rock. 
The contact has been drawn at this point as may be seen upon 
the accompanying maps. ‘To the east of Wilson Creek in Town- 
ship 10 North, Range 5 West, outcrops of basalt are common. 
The contact between this formation and the marine Miocene 
rock to the south crosses the left fork of Alockaman River in 
the south half of Section 22, Township 10 North, Range 5 
West. Near the contact in the basalt some mining develop- 
ment work has been done upon small quartz veins said to carry 
low values in gold. This contact crosses the right fork of the 
river about two miles due east. To the north on the headwaters 
of the Alockaman River and on the divide leading over the head- 
waters of the south branch of Chehalis River the rock formations 
are entirely of basalt. The divide has an elevation of over 1,500 
feet and the several branches of both rivers flow through deep 
gorges cut into the basalt. 

LITHOLOGY, 

The Eocene formations along the divide between Willapa 
River and the Columbia are composed for the most part of ba- 
saltic lavas and tuffs. Interbedded with these are shales, sandy 
shales, shaly sandstones, and sandstones. The basaltic lavas 
appear in various phases, ranging from the fine-grained, 
dense black specimens to the highly vesicular types. Mixed 
with these are fragmental layers in which huge angular blocks 
range in size from a few inches to several feet in diameter. 
These are imbedded in the finer grained basalts and all show 


the effects of flow action. The sandstones are coarse-grained, 
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of a grayish brown color and fairly hard, but not widely dis- 
tributed. 


GEOLOGIC STRUCTURE. 


The structure of the area under consideration is very com- 
plex. In its broad general features there is an anticline trend- 
ing approximately North 40° West from Willapa Harbor, but 
in the vicinity of the headwaters of Grays River it turns and 
extends nearly due east along the divide between the head- 
waters of the Alockaman and the south branch of Chehalis 
River. Along Willapa River on the northeast side of the anti- 
cline the overlying Miocene rocks are dipping to the northeast 
at angles ranging from 7° to 35°. On the south side of the 
anticline on Salmon and Nasel, Gray and Alockaman rivers, 
the average angle is 30° to the southwest, but ranges from 3° 
to 60° in various places. 


CATHLAMET-GERMANY CREEK AREA. 
GEOGRAPHIC DISTRIBUTION. 

The area involved in this district les on the north side of 
Columbia River in the southeastern part of Wahkiakum County 
and southwestern Cowlitz County. It embraces the northwest 
corner of Township 8 North, Range 3 West, and the north 
halves of Townships 8 North, Ranges 4, 5, and 6 West, the 
west half of Township 9 North, Range 3 West, and the lower 
two-thirds of Townships 9 North, Ranges 4, 5, and 6 West. 
The south limits of the district are defined by Columbia River 
and the north limits by an east-west belt of marine Oligocene 
sedimentary rocks. The north contact between the Eocene 
basalts and the Oligocene sedimentaries begins about one mile 
north of Skamokawa. From this point it extends nearly due 
east for three miles and then turns southeasterly and crosses 
Alockaman River in the north half of Section 32, Township 9 
North, Range 5 West. Here it swings around on the east side 
of Alockaman River, and in Section 10 swings back again to the 
west side of the river, and then recrosses in Section 2 of the same 


township and range. It crosses from Wahkiakum into Cowlitz 
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County and may be traced across the head waters of Aber- 
nathy and Germany creeks. In Section 18, Township 9 North, 
Range 3 West the overlying Oligocene sediments thin out and 
disappear and the basalts are areally connected with those in 
the Coal Creek and Arkansas Creek areas which lie to the east 


and northeast. 
CHARACTER OF OUTCROPS. 


Almost the entire area of this district is composed of ba- 
saltic rock. It is not always exposed at the surface, however, 
because of the extensive covering of Pleistocene sands and clays. 
The elevations range from a few feet to 1500 feet above sea 
level. The area is dissected by several streams heading to the 
north near the Cowlitz-Lewis County line and flowing south- 
ward into the Columbia. These streams have developed valleys 
varying from a few hundred feet to over two miles in width. 
In most instances, however, the valley floors are covered with 
alluvium. Here and there exposures of basalt may be seen in 
the stream banks. 

Detailed traverses were run along Alockaman, Skamokawa, 
Cameron, Abernathy, Germany and Mosquito creeks and from 
observation taken along these traverse lines the areal geological 
data as shown on the maps accompanying this report, have been 
obtained. 

From Oak Point a logging railway owned by the Oak Point 
Piling Company extends up Cameron Creek for a distance of 
seven miles from its mouth. For the first two miles outcrops of 
basalt are very numerous. The valley here is very narrow with 
steep slopes on either side composed of basaltic cliffs. 

For the next three miles the basalt exposures are not so 
prominent but may be seen wherever any grading has been at- 
tempted along the railway track. The basalts in the hills back 
from the track are covered with clay. At a point five miles up 
the creek a basalt cliff, having an elevation of 50 feet, occurs 
on the east side of the track. At this point on the surface 
there is about two feet of yellowish clay followed by several 
inches of black bituminous material which is in turn covered 


with a sandy clay. From the results of examinations made to 
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the west, this appears to lie between two basaltic flows, the 
upper one of which in this particular place has been removed 
by erosion. The soil in the vicinity of the creek is of a reddish 
color and is clearly derived from the underlying basalts. The 
traverse was extended up the creek two miles further and no 
more outcrops of basalt were seen. Such exposures as occur 
in the banks of the creek or around upturned tree trunks show 
a light colored clay. From the general appearance of the soil, 
however, the underlying bedrock is undoubtedly basalt to the 
head waters of the creek. x 

From the mouth of Abernathy Creek the Wisconsin Logging 
and Lumber Company’s railroad extends up the stream for a 
distance of nine miles to the forks of the creek in Section 6, 
Township 9 North, Range 4 West. At this point the main 
track leaves the creek and veers off in a northwesterly direc- 
tion for a distance of three miles. Frequent exposures of ba- 
salt occur over the entire distance to the forks of the creek. In 
a number of places there are steep basaltic cliffs showing well 
developed columnar jointing. From the forks of the river 
northwesterly in Wahkiakum County no further exposures of 
basalt were seen. However, there are numerous cuts along the 
track in which clays appear. These are a bright reddish-yellow, 
white and cream color. At a point about two and a half miles 
west of the river in Section 1, Township 9 North, Range 5 
West, this clay is underlain with a bed of yellow sand, massive 
in character and with no bedding plains. These may be a part 
of the interbedded Eocene sedimentary formations, or possibly 
of late Pliocene or Pleistocene origin. In many places these are 
directly overlain by basaltic flows. 

At a point about one-half mile west of the forks of the creek 
already referred to the same characteristic clay occurs, in- 
cluded in which are angular fragments of light pinkish colored 
rock which when closely examined is found to be a distinctly 
altered vesicular basalt. In places these clays appear to be 
tuffaceous. 

An examination was made of the upper branches of the 
creek to their headwaters. Only one outcrop of basaltic rock 
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was seen in place. However the pebbles and boulders in the 
creek are composed of fine-grained black basalt which occasion- 
ally is vesicular. 

A detailed traverse was made along Germany Creek from 
the point where it empties into Columbia River at the town of 
Stella to its headwaters in the center of Township 10, Range 4 
West. At a point about one-fourth mile northwest of Stella 
along the wagon road on the east side of the creek the basaltic 
rock is well exposed. 'wo distinct flows appear at this place. 
The upper is a hard dense black rock, the lower is soft, much 
decomposed and in places distinctly tuffaceous, often assuming 
a yellow to creamish color. 

The county wagon road extends up Germany Creek for a 
distance of four miles. Examinations made along this road, ex- 
cept in the immediate vicinity of Columbia River, yielded very 
few outcrops of bed rock. Wherever exposures were seen, how- 
ever, they were entirely composed of basalt. In those localities 
where bedrock was not observed the surface soils were very 
heavily iron-stained and the pebbles and fragments found in 
them were composed of very badly weathered basalt. 

Farther north in Section 1, Township 9 North, Range 4 
West, at a point where a small creck comes in from the west, 
a massive brown sandstone outcrops. No observations on 
strike and dip could be obtained here. Further examinations 
made up the creek near its headwaters, indicate the bed rock to 
be basaltic in character. 

LITHOLOGY. 

The Eocene formations in the area just described are almost 
entirely composed of basaltic and andesitic lavas. Such sedi- 
mentary rocks as occur with them consist of very narrow bands 
of shale or sandstone intercalated between the flows. These are 
commonly more or less carbonaceous. The basalt as seen along 
Columbia River present a series of horizontal layers resting one 
above the other. The contact surfaces between these layers 
are slightly undulating. These layers vary considerably in 


general appearance, some being light and others dark, some 


The Tertiary Formations of Western Washington 157 





having been extensively weathered and others appearing hard, 
dense and fresh. Some of these bands are distinctly tuffaceous, 
others are vesicular and still others show well-defined flow 
structure. In numerous places along the river cliffs there are 
seams of clay between the individual lava flows often over two 
feet in thickness and in these there are sometimes very thin seams 
of carbonaceous materials. These facts indicate that the differ- 
ent bands represent individual lava flows. The clays lying be- 
tween the different flows indicate that a considerable length of 
time intervened between the outpouring of each successive flow 
sufficient to allow extensive weathering of the rock prior to the 
outpouring of the next lava sheet. The presence of carbona- 
ceous material between these layers indicates the growth of 


vegetation during the quiescent periods. 
GEOLOGIC STRUCTURE. 


Very little detailed information is at hand concerning the 
structure of the Eocene formations within this area. Such data 
as have been collected suggest that the formations have not 
been greatly disturbed since their deposition. They lie nearly 
horizontal with very gentle undulations. These undulations are 
not sufficiently prominent to be regarded as minor synclines and 
anticlines. On the north side of the belt an east-west synclinal 
trough has been developed. In the center of it the Miocene 
sedimentary rocks are also folded. These latter lie to the north 
of the district and will be considered in the discussion of the 
Oligocene areas. 

Because of the very thick veneer of Pleistocene sands, clays 
and gravels which overlie the bed rock Eocene formations, 
faulting is very difficult to detect. Minor fault plains ranging 
from a few inches to two or three feet are common, but are local 
in character. They have no prevailing direction. 

ILWACO AREA. 
GEOGRAPHIC DISTRIBUTION. 

Eocene formations outcrop prominently in the high rugged 
rocky point at the north entrance to Columbia River. About 
three square miles of territory are involved. 
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The rocks outcropping in the point south of Ilwaco attain 
an elevation of 200 feet above sea level. The west side of this 
headland is directly exposed to the waves of the Pacific Ocean. 
Two points jut out into the ocean, namely North Head and 
McKenzie Head. Even at the lowest tides it is impossible to 
pass around these points but between them are coves with 
broad gravelly beaches and back of these beaches the elevations 
are comparatively low, forming shallow divides with the area on 
the eastern side of the cape. The eastern shore is more or less 
protected from the action of the ocean and in recent years 
shoaling has occurred to such an extent as to build up promi- 
nent sand spits. This high rocky cape ends abruptly immedi- 
ately west of the town of Ilwaco and the country from that 
point northward is largely composed of low hills of Pleistocene 
gravels. Near the ocean a sandbar has been developed to the 


north for a distance of fifteen miles. 
LITHOLOGY. 


The rocks involved in Cape Disappointment are entirely of 
Eocene age and composed of varied types of lava flows, mter- 
bedded shales and sandstones, tuffaccous layers and fragmental 
material. The surface of the cliffs are covered with poly gonal 
shaped blocks, due possibly to contraction at the time of cooling. 
A similar condition prevails on the north side of McKenzie Head. 
Along the eastern shore of Ilwaco Point about one-half mile 
south of the town of Ilwaco, shales and sandstones are inter- 
bedded with the lava. On their upper surfaces where they come 
‘1 contact with other basaltic flows they are baked and slightly 
metamorphosed. In places, especially at a point one mile 
north of Fort Canby barracks, both the voleanic layers as well 
as the sandstones and shales are cut by diabase dikes. On the 
opposite side of Ilwaco Point north of McKenzie Head similar 
shales appear interbedded with basalt. Here they are badly 
baked, twisted and squeezed as on the eastern side. About one- 
half of the entire assemblage of volcanic materials occurring 


in this area is composed of tuffaceous and fragmental rocks. 
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These are firmly cemented and always show considerable alter- 


ation. (Plates XIV and XV.) 
GEOLOGIC STRUCTURE. 


Because of the crushing which the Eocene rocks in Ilwaco 
Point have undergone, the detailed structure is difficult to de- 
termine. Observations taken on strike and dip of the inter- 
bedded shales on the eastern side of the point show an average 
strike of nearly north and south with a dip ranging between 
thirty and fifty degrees to the east. Just east of this point 
and one-half mile east of Ilwaco prominent exposures of inter- 
bedded shales and sandstones outcrop on the beach. These 
have an average strike of North 30° East, and dip about 57° 
West. There are no volcanic materials in this locality and they 
are presumably younger than the Eocene. If so, there would 
appear to be a fault trending nearly north and south through 
the town of Ilwaco which has thrown the strata on the eastern 
side of Ilwaco Point downwards. 


LOWER COWLITZ VALLEY AREA. 
GEOGRAPHIC DISTRIBUTION. 

The area involved in this particular district is situated in 
the Cowlitz River valley and extends from the town of Castle 
Rock northward to Winlock, a distance of about fifteen miles. 
The larger part of this distance is traversed by Cowlitz river 
which trends nearly north and south, but in Section 28, Town- 
ship 11 North, Range 2 West, it turns abruptly and extends 
nearly due east toward the summit of the Cascades. At the 
town of Winlock, Olequah Creek occupies a wide valley, trending 
a little west of south to the town of Vader where it joins Still- 
water Creek. Farther south the latter creek empties into Cow- 


litz River. 
CHARACTER OF OUTCROPS. 


Both sides of the valleys just mentioned are bordered by low 
wooded hills. The entire region has been more or less heavily 
covered with Pleistocene gravels and sands. These have in part 
been subsequently cut into and removed by the existing streams. 
Along the banks of Cowlitz River and also along those of Still- 
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water and Olequah creeks there are occasional outcrops of Eo- 
cene formations. The Northern Pacific Railway grade from 
Castle Rock to Winlock lies very close to Cowlitz River and 
also to Olequah Creek. At a number of localities the railway 
cuts have exposed the Eocene strata. <A traverse line has 
been extended along the railway track and also along both 
Stillwater and Olequah creeks. All of the Eocene exposures 
have been tied in’so that their exact position has been located. 
Observations have been taken on strike and dip at every point 
possible and tied into the traverse line, as may be seen on Plate 
VE: 

Beginning at the town of Castle Rock and extending north- 
ward for a distance of two miles the only rock exposures are 
horizontally bedded gravels, clays and sands of Pleistocene age. 
Near the junction of Toutle and Cowlitz rivers basalts and 
sandy shales are found interbedded. The basalts occur dis- 
tinctly as flows and exhibit well-defined columnar structure. 
Near the base of these flows the lava is somewhat tuffaceous and 
agglomeratic. From Toutle River northward for two miles the 
Kocene formations are not exposed. The first outcrops en- 
countered, however, are interbedded basaltic flows and shales. 
Immediately south of the railway crossing of Cowlitz River an 
extensive basaltic flow appears having a strike of North 30° 
West and a dip of 10° to the northeast. After crossing Cow- 
litz River the Northern Pacific Railway grade extends along 
the west side of Stillwater Creek to the town of Vader. Ex- 
posures of Eocene rock are to be found in the railway cuts for 
a considerable part of this distance. The formation as here 
exposed consists of interbedded marine and brackish water sand- 
stones and shales together with interbedded basalt flows. The 
prevailing strike of the formation in this vicinity is North 30° 
West with dips to the northeast ranging from 20° to 80°. 
This portion of the formation is stratigraphically higher than 
that just mentioned on the railway crossing on the Cowlitz and 
Toutle rivers. It lies stratigraphically below the Eocene ex- 
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posures extending up Stillwater Creek from its junction with 
Olequah Creek. 

From the junction of Olequah and Stillwater creeks ex- 
posures of the Eocene formation extend almost continuously 
up the former creek to Winlock. No igneous rocks of any nature 
were found in this portion of the series. The prevailing type 
of rock is a shale or sandy shale, partly marine and partly of 
brackish water origin. The strata have a predominate north- 
westerly strike with a very low average dip to the northeast. 
In section 28, Township 11 North, Range 2 West at the big 
bend in Cowlitz River, steep cliffs of shale are exposed for a 
distance of one-half mile. These contain an extremely rich 
marine Tejon fauna represented by fossil localities Nos. 232 
and 233. The strata at this locality have a strike of 45° to the 
west and dip at an angle of 8° to the northeast. The interven- 
ing area between this locality and Olequah Creek is entirely 
covered with Pleistocene gravels and sand. The same strata, 
however, appear to cross Olequah Creek in Section 8, Township 
11 North, Range 2 West. At this point on Olequah Creek a 
similar, although not so complete, marine Eocene fauna occurs. 
At a point about one mile south of Winlock station in the banks 
of Olequah Creek shales are exposed, containing a marine in- 
vertebrate fauna somewhat different from the underlying Tejon. 
A number of Oligocene species occur, such as Nucula dalli n. 
sp., Solen parallelus, and Macrocallista. pittsburgensis Dall. 
The strike of the strata at this point is North 20° West and 
the dip 4° to the northeast. Just north of Winlock station 
similar strata are exposed having a strike of North 75” West 
and a dip of 22° to the northeast. These shales contain a 
fauna having Miocene characteristics. 

STRATIGRAPHY. 

The lowest Eocene beds exposed in the area under discus- 
sion are to be found in the railroad cuts at the Toutle River 
railway crossing. The strata outcropping from this point 
northward to the Cowlitz river railway crossing are successive- 


ly stratigraphically higher. The same condition holds true from 
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Olequah northward to Winlock. Altogether approximately 
eight thousand feet of strata are involved. The contact be- 
tween the Eocene and Miocene is at a point about one and one- 
half miles south of Winlock. Whether the two formations are 
unconformable or not, could not be determined. The strike and 
dip of the two are approximately the same. It is possible that 
deposition went on continuously from Eocene to Miocene and 
that the non-fossiliferous shales intervening may be Oligocene. 
GEOLOGIC STRUCTURE. 

The predominant structure in the Cowlitz Valley region is 
that of a northeasterly pitching monocline. From Castle Rock 
northward to the railway crossing at Cowlitz River the prevail- 
ing strike is nearly east and west with a low dip ranging from 
4° to 12° to the north. At a point several hundred feet south 
of the Cowlitz River railway crossing, the Eocene strata make 
a sharp turn and strike to the northwest in a direction approxi- 
mately North 30° West, with a low dip to the northeast. At a 
point about 1,000 feet north of Vader there is a slight buckling 
of the strata in the flank of this northeasterly pitching mono- 
cline. The buckling is sufficient to form a very shallow anticline, 
trending North 40° West and crossing Olequah Creek about 
three-fourths of a mile north of Vader. The strata exposed at 
the axis of this buckle or anticline reappear at the surface on 
Olequah Creek near its junction with the Stillwater. 

North of Winlock Eocene exposures are heavily covered 
with Pleistocene sands and gravels. Occasional outcrops of 
sandstone occur resting horizontal. They first reappear high- 
ly tilted and pitching to the south in the vicinity of Chehalis. 
It is probable that a broad synclinal trough trending northwest 
and southeast occupies the intervening area between Winlock 
and Chehalis and that the extreme lower portion of the Oligo- 


cene may lie in this depression. 


CHAPTER 4. 
OLIGOCENE FORMATIONS. 
GENERAL STATEMENT. 

The use of the term Oligocene as applied to marine forma- 
tions of the Pacific Coast is involved in controversy. Early 
investigators of west coast geology divided the Tertiary into 
the Eocene, Miocene and Pliocene periods. Later studies showed 
that a well defined and widely spread unconformity existed in 
the middle Miocene. Certain deposits which had formerly been 
regarded as Miocene were found to contain a fauna possessing 
Kocene as well as Miocene characteristics. Such deposits were 
finally regarded as being the same age as the Oligocene of 
Europe. At the present time there is no general agreement 
on the west coast as to where the line between the Oligocene 
and lower Miocene shall be drawn. 

In the western portion of North America extensive lacustrine 
and land deposits were in existence during the Oligocene epoch. 
From these deposits a rich fossil mammalian fauna has been 
collected. Detailed studies have been made on the evolutionary 
development of these forms of life and as a result it is possible 
to recognize several divisions of the Oligocene. Unfortunately 
up to the present time it has not been possible to correlate the 
Oligocene land deposits of the Great Basin and Rocky Moun- 
tain regions with the deposits of marine origin in western Cali- 
fornia, Oregon and Washington. 

During the past twenty years certain fossiliferous strata 
occurring at Astoria, Oregon, have been recognized as Oligo- 
cene. ‘The shales and sandstones exposed along the south shores 
of the Strait of Juan de Fuca and at the entrance to the Brem- 
erton Navy Yard have in part been referred to as Oligocene. 
Poorly preserved faunas have been found in shales in the Coast 
Ranges south of San Francisco and have been described as the 
San Lorenzo formation. This formation is regarded as Oligo- 
cene and the Oligocene strata of Washington and Oregon have 


in part been correlated with it. 
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Oligocene deposits of western Washington are for the most 
part of marine origin. They have a total aggregate thickness 
of 15,000 feet and occur along the south side of the Strait of 
Juan de Fuca, in the Puget Sound Basin and in southwestern 
Washington. Marine faunas are abundant and constitute sev- 
eral faunal zones. The term Clallam formation is applied to 
these strata. 

FAUNAL ZONES. 

Three faunal zones are recognized in the Oligocene of west- 
ern Washington. The strata containing each of these faunas 
are referred to as horizons. The faunal zones beginning with 
the oldest are the Molopophorous lincolnensis Zone, the 'Turri- 
tella porterensis Zone and the Acila gettysburgensis Zone. 
The corresponding sedimentary horizons identified by these 
zones are designated as the Lincoln, Porter and Blakeley. The 
faunas occurring in each of the above zones are distinct and 
many of the species do not range into the zones above or below. 
There does not seem to be sufficient evidence at the present time 


to warrant subdividing the Oligocene into three formations. 


MOLOPOPHOROUS LINCOLNENSIS ZONE. 

The type section in which this zone occurs is situated in 
southwestern Thurston and northwestern Lewis counties, and 
occupies an area of about 40 square miles.. The distribution as 
indicated upon Plate IIL is only approximate. The contact lines 
have been drawn upon the basis of very poor field evidence. It is 
quite possible that certain shales occurring in Chehalis County on 
Porter Creek in Sections 11 and 14, ‘Township 17 North, Range 
5 West, may contain a fauna belonging to this zone. The sandy 
shales outcropping in the banks of Olequah Creek in Sections 28, 
29, 30, 31, 32 and 33, Township 12 North, Range 2 West, near 
Winlock, are presumably a part of the Lincoln Horizon.* The 
surface outcrops are limited and are included on Plate III with 
the Tejon formation. The covered area in Kitsap County, be- 


between the Eocene basalts exposed at Charleston and the shales 





*After the printing of the maps Oligocene fossils were discovered. 
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and conglomerates at Rich Passage, may also in part belong 
to this horizon. 

The most characteristic species of this zone are: Acila 
schumardi Dall, Cardiwm lorenzanum (Arnold), Crassatellites 
washingtonensis Weaver, Glycimeris chehalisensis Weaver, Pit- 
aria dalli Weaver, Macrocallista pittsburgensis Dall, Dentalium 
substramineum Conrad, Calyptraea excentrica (Gabb), Evilia 
dickersont (Weaver), Evilia lincolnensis Weaver, Hemifusus 
washingtonensis Weaver, Drillia hecovi (Arnold), Natica lin- 
colnensis Weaver, Molopophorous lincolnensis Weaver, Strep- 
sidura washingtonensis Weaver, and Turris  thurstonensis 
Weaver. 

The following species are common to the marine Tejon oc- 
curring at locality 1 on Cowlitz River east of Vader and the 
Molopophorous lincolnensis Zone: Crassatellites washington- 
ensis Weaver, Leda gabbi Conrad, Solen parallelus Gabb, Den- 
taliwm substramineum Gabb, Calyptraca excentrica (Gabb), 
Ewilia dickersoni (Weaver), Hemifusus washingtonensis Weav- 
er, and Strepsidura oregonensis Dall. 

The following species are common to the Molopophorous 
lincolnensis Zone and the Turritella porterensis Zone: Cardium 
lorenzanum (Arnold), Crenella porterensis Weaver, Dentalium 
substrammeum Gabb, Drillia hecovi (Arnold), and Natica 
washingtonensis Weaver. 

Such forms as Marcia oregonensis Conrad, Phacoides acut- 
ilineatus Conrad, Thyasira bisecta (Conrad), and Thracia 
trapezoidea Conrad are entirely absent from the Molopophor- 
ous lincolensis Zone, although they are among the most char- 
acteristic species in the Turritella porterensis Zone at Porter. 
The fauna as a whole is distinct from the Tejon fauna below 
and the Turritella porterensis Zone above. 

TURRITELLA PORTERENSIS ZONE. 

The type locality in which the deposits containing this 
fauna occur is located in Grays Harbor County, in Township 17 
North, Range 5 West. Fossiliferous marine strata occur along 
the bluffs of Chehalis River both east and west of the town of 


168 Bulletin No. 13, Washington Geological Survey 


———— 





Porter as well as on Porter Creek. Similar deposits occur at 
different localities on Lankner Creek to the south of Chehalis 
River in Township 17 North, Range 6 West. The faunas of 
this zone are distinctly different from the underlying Molo- 
pophorous lincolnensis Zone as well as the Acila gettysburg- 
ensis Zone of the Puget Sound region. The most common 
species occurring in this zone are: Cardiwm lorenzanum (Ar- 
nold), Crenella porterensis Weaver, Malletia chehalisensis Ar- 
nold, Marcia oregonensis (Conrad), Thracia trapezoidea Con- 
rad, Thyasira bisecta (Conrad), Phacoides acutilineatus (Con- 
rad), Drillia hecowi (Arnold), Evwilia lincolensis Weaver, and 
Turritella porterensis Weaver. 

Those forms which are common to the Molopophorous lin- 
colnensis Zone and to this zone have already been mentioned. 
Many of the species occurring in this zone are very common 
to the Acila gettysburgensis Zone and it is possible that the 
extreme lower portion of the stratigraphic section exposed at 
the entrance to the Bremerton Navy Yard may be the equiva- 
lent of the upper beds at Porter. Such species as Acila gettys- 
burgensis Reagan, Macrocallista vespertina (Conrad), Modio- 
lus directus Dall, Panope generosa (Gould), Eudolium petro- 
sum Conrad, Turcicula washingtoniana Dall, and Turritella 
porterensis Weaver which are very characteristic of the Acila 
gettysburgensis Zone are entirely absent from the Turritella 
porterensis Zone. The dark colored shales exposed three miles 
west of Port Crescent in Clallam County may belong to the 
Porter Horizon. 


ACILA GETTYSBURGENSIS ZONE. 


The type section of the Acila gettysburgensis Zone is to 
be found within the strata outcropping at the entrance to the 
Bremerton Navy Yard. Excellent exposures containing ma- 
rine fossils occur at the south end of Bainbridge Island as well 
as on the opposite shore to the south. The deposits consist of 
interbedded massive conglomerates and medium grained sandy 


shales possessing a thickness of at least 9,000 feet. The lower- 
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most strata which are exposed outcrop at Orchard Point and 
the highest on the north shores of Blakeley Harbor. Detailed 
stratigraphic surveys show that the conglomerates at Orchard 
Point are below the sandstones and shales at Bean Point on 
Bainbridge Island and that the beds at Bean Point are about 
2,000 feet below the fossiliferous strata at Restoration Point. 
The fauna occurring within the lower portion of the Bremer- 
ton Inlet section are identical with those at the well known lo- 
eality just north of Restoration Point. 

The Acila gettysburgensis Zone is represented within the 
city limits of Seattle, Newcastle Hills, Catheart and along the 
Strait of Juan de Fuca from a point two miles west of Gettys- 
burg westerly to a point halfway between Twin River and 
Pysht. The conglomerates and overlying shales exposed along 
the north portion of Cape Flattery and along the Strait of 
Juan de Fuca easterly to the mouth of Seckiu River also con- 
tain faunas belonging to this zone. 

The species most common to this zone are: Acila gettys- 
burgensis Reagan, Macrocallista vespertina (Conrad), Marcia 
oregonensis (Conrad), Modiolus rectus Dall, Panope generosa 
(Gould), Phacoides acutilineatus (Conrad), Spisula albaria 
(Conrad), Solemya ventricosta Conrad, Tellina oregonensis 
Conrad, Thracia trapezoidea Conrad, Thyasira bisecta (Con- 
rad), Crepidula praerupta Conrad, Eudolium petrosum Con- 
rad, Miopletona indurata Conrad, Turcicula washingtoniana 
Dall, and Twrritella blakeleyensis Weaver. 

A list of the species known to occur in the Oligocene and 
lower Miocene of western Washington follows. This table also 
includes a list of species occurring at the more important lo- 
calities. A reference list of the localities may be referred to 


on page 299. 
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* From Tertiary Faunal Horizons of Western Washington, University of Washington 


Publications in Geology, Vol. I, No. 1, pp. 28-31. 
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LITHOLOGY. 


The rock materials composing the Oligocene of western 
Washington are almost entirely of marine sedimentary origin. 
Interbedded lavas and tuffs are absent except on the north side 
of Columbia River in Pacific County. The sedimentary rocks 
consist of shales and sandy shales together with minor amounts 
of sandstones and conglomerates. A microscopic examination 
of these materials shows them to be in part derived from older 
igneous rocks. A considerable quantity of ash is present but 
always mixed with clayey material. The source of the tuf- 
faceous materials was presumably from volcanic sources in the 
Cascades or eastern Washington. In northern Wahkiakum 
County andesitic flows were being deposited in marine embay- 
ments near the shore. Evidence for this is to be found in the 
sections exposed along the canyon of Nasel River. 

The conglomerates occurring within the Oligocene of Se- 
attle and at the entrance to the Bremerton Navy Yard are 
made up of pebbles ranging from the size of a pea to a foot 
or more in diameter. They are rounded and waterworn and 
composed in part of andesite and basalt and in part of sand- 
stones and shales occurring within the formation. Pebbles made 
of quartzite and granite or diorite are very rare. 

At the western end of Cape Flattery there are enormous 
belts of conglomerate in which the boulders are often over four 
feet in diameter. Commonly they are angular and only par- 
tially waterworn. They are in part composed of rocks which 
are not known to occur within the Olympic Peninsula but which 
do occur on Vancouver Island. The most common are quartz- 


ite, slate, schist and intrusive diorites and gabbros. 
STRATIGRAPHY. 


The more detailed facts concerning the stratigraphy are 
given in the description of the different districts in which the 


Oligocene deposits occur. It is not always possible to deter- 
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mine in the different sections just where the boundaries should 
be drawn between the three faunal zones or horizons. 

In the vicinity of Lincoln Creek, west of Centralia, massive 
sandy shales outcrop along the south bank of Chehalis River. 
Very good ‘exposures have been made in the cuts of the O.-W. 
R. R. & N. Co. The beds are dipping at a very low angle to 
the west and southwest. Interbedded with the sandy shales are 
narrow bands of clay shale. Often the sandy shales grade into 
a shaly sandstone. To the north of Chehalis River Eocene 
sandstones outcrop at Grand Mound. The Oligocene beds at 
Lincoln Creek rest upon the Eocene sandstones but the contact 
relations are obscure. Presumably they are unconformable. 
The total thickness of the lower Oligocene strata in the Lin- 
coln Creek section is near 1,000 feet. 

In the region where Porter Creek joins Chehalis River, near 
the town of Porter, the total thickness of the Oligocene sedi- 
ments is about 2,000 feet. The section represents the shales 
and shaly sandstones exposed from the base of the section three 
miles north of Porter to the center of the syncline three miles 
west of Porter. These strata contain a fauna which has been 
designated as the Turritella porterensis Zone. It is possible 
that the lower 500 feet of the section may belong to the Lin- 
coln Horizon or Molopophorous lincolnensis Zone. 


In the Puget Sound region a section has been constructed 
at the entrance to the Bremerton Navy Yard. The district in- 
volved may be referred to on Plate XXIV. The strata are 
entirely of sedimentary origin. The Eocene basalts upon which 
the Oligocene sediments rest are exposed two miles southwest 
of Bremerton, on the west shore of Sinclair Inlet. The contact 
between the basalt and the base of the Oligocene is covered with 
deposits of glacial drift. The lowermost beds occur at Orchard 
Point. The upper beds outcrop on the north side of Blakeley 
Harbor. The total measured thickness of the Oligocene in this 
section is approximately 8,900 feet. 
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Top of Section. Feet. 
(A) Massive coarse grained conglomeratic standstones, containing numer- 
ous lenticular bands of conglomerate. Occasional narrow bands of 
clay shale are interbedded. The eastward continuation of the con- 
glomerates appear in the outcrops at Blakeley Rock. The beds per- 
sistently dip to the north at a very steep angle and extend as out- 
crops from the north shore of Blakeley Ifarbor northward for 1,500 
POOLE iS avarans, Sete ayyialsleacha edit one e spas Rie coat Peco rnc tae ee 1500 
(B) Sandy shales exposed beneath the waters of Blakeley Harbor....... 1400 
(C) Brownish gray massive to slightly bedded shales as exposed along the 
south shore of Blakeley Harbor for a distance of one-half mile north- 
westerly. Five hundred feet stratigraphically above the beds ex- 
posed at Restoration Point is an excellent fossil locality::.5226u ee 2400 
(D) Shaly sandstones grading in places into a sandy shale. Bedding planes 
sometimes well defined. The top of this member is situated at Restora- 


tom Point sec x iets: Bistee 5, srsta ter aiies are Gus oh ee ee ae ee 1200 
(I) Shaly sandstone gradually becoming more sandy in depth. Bedding 

planes “very. distin ctaiiiccciets.cia ol abate eee: hone ee ee 450 
(I*) Massive sandy shales. Bedding planes distinet.................... 550 


(G) Massive brownish gray coarse grained conglomeratic sandstones inter- 
bedded with bands of coarse conglomerates, Many of the pebbles of the 
conglomerate are composed of basalt and shale..s.............0.0-. 1800 


Total (thicknesses. ss ste uo oa eitete s hie coe eens ee S900 


The above described beds also occur in part in the exposures 
within the City of Seattle and in the Newcastle Hills. Fossils 
are fairly abundant in these strata and belong to the Acila 
gettysburgensis Zone. 

One of the most complete sections within the state occurs 
at Cape Flattery and along the Strait of Juan de Fuea. Ap- 
proximately 15,000 feet of Oligocene sediments have been de- 
posited. The basal beds are largely shales which have been 
badly contorted in places. Above these are massive conglom- 
crates forming the point of the cape. The upper part of the 
section is composed of alternating shales and sandstones. ‘The 
detail of this area may be seen on Plate XVII. 

The following section is involved in Cape Flattery between 
the basal beds at Waatch Slough and the upper beds as ex- 
posed between Neah Bay and Sckiu River. 


Top of Cape Flattery Section. * Feet. 
Alassive sandstones 5:3.) cen ee ee a TOO 
Shale, but mostly covered/s.10.. cease ee 900 
Massive sandstone ®.'s\.<.o%-saeh oe chick eee 175 
Shale; but mostly concealed. 205 cee eee te ee ee 00 
Massive sandstone: ca2.ch cea ee ee -. 3800 


Concealed 0000 3 on gs san sae Te ee ae 500 
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Top of Cape Flattery Section. Feet 
MERNEIVEMPTOWIE SANGStONG 22% cca cies ecre rele Ae ene wm aRe wii ones mayen 300 
Alternating beds of shale and sandstone.......-.....-.-+205 1200 
PRUE RECHIS SIEM Acne nis) ouctotsaattap ergs, eure crstat ate) bails cx-tntete ca ORD are Te amas eeew he 200 
MMMPRTURTE TUCO’ © fa)e a\eics nile oiisi o> © ees 0] co ote wlsua tells sails) epe'= (eilgroomlellons Myer = : 30 
2 SL eo reer ei ee ortho ear Weer Sic 50 
REPEPEVOTATO DRUGS ccd ss ieee 5 Go Sa) ane, © woe wate ala ieee sie ladei|alis eRe rai 8 50. 
Monclomerste and shale... 2.66. eee eee eee ee ne es wee 500 
MODEMOMCODPIOMECLAte 6. a sissies ce eee mae wee es res As ae 300 
ROME 88S. oe. otras atte \eica, 5 oS aloy Prostate esos, CAE NAEM, wav naeae saree 700 
Alternating beds of shale, sandstone and conglomeratc....... 200 
Massivesandy conglomerate... ... 2.0... 0225s e eee emcees 175 
IPERCTMMEEIETEY LEUKOC . scily vn oo oe wisn wie cece tn F tesaiierd ere fa) +) siinlis MRAMo hes ehs\in 200 
Miternating shale and sandstone......6....20ese eee eee gee 300 
Interbedded conglomerate and massive sandstone............ 450 
Mas IGMCOMCLOIMCLALEC! 6. ccssc ee aise oie ne wie eg ey fee cei oe el = 30 
Massive sandstone and intercalated conglomerate lenses...... 300 
Sandy conglomerate as exposed at the Cape.........-..---- 1400 
Inperpeaded Shale and sandstone....4......060 6c dsc tet ee ee 150 
Saalemepot mostly concealed. . 2... cs.8 cele ns he ee eee 500. 
cei tera! (32856 hie ER Se a eeone sare Sie Ure ri erorireds rich oic eee run ne 200 
Interbedded conglomerate and sandstone............-..+---- 250 
cy. sol RARER Ste eee Ie eeu re CII ge chia sera he aera acre a 350 

* Gritty sandstone with small amounts of interbedded shale.... 250 
RE eon ae ach aye ‘abies sisal» ells, Wale) ayant nicioule ene Yaeten Salar a ala ne, 1200 
PMO LOWI) SANOStONE.. 6.5 2% fess es cue ws ee lec ee oie suse s one 100 

GEL MENECK MOSS” ¢Ats sober aeeweyoneeaaps ayes oiayels) eee ene corateholeus 12.860 


Base of Cape Flattery Section. 


CONDITIONS OF DEPOSITION. 

The Oligocene deposits of western Washington were en- 
tirely laid down in marine embayments. The character of 
faunas as well as the lithology of the sediments indicates depo- 
sition in moderately deep water. During the Oligocene the 
Cascade Mountains were not in existence. Their present site 
was a land area occupied in part by small fresh water lakes. 
Volcanic activity was more or less continuously taking place and 
the finer ashes may have in part been carried by the winds and 
dropped in the marine waters to the west. The northern Cas- 
eades were possibly much higher in elevation than the lake 
region of the central and southern Cascades. Presumably this 
region was being drained to the embayments of the ocean by 
streams heading in British Columbia or in eastern Washing- 
ton. A considerable part of the sediments which forms the 


marine Oligocene deposits may have been derived from this arez 


and have been transported westerly by stream action. 
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The Olympic Mountains and Vancouver Island were prob- 
ably land areas. The Olympics were at least 1,000 feet lower 
in elevation than at present as marine deposits occur at that 
elevation where the wagon road from Clallam Bay to Forks 
crosses the main divide. Presumably the region had been partly 
reduced to a peneplain during the Cretaceous and Eocene and 
during the Oligocene the Strait of Juan de Fuca was depressed 
allowing marine sediments to form upon the submerged borders 
of the peneplain. 

There are insufficient exposures to the Oligocene sediments 
to determine definitely the successive extent of the seas or em- 
bayments during the epoch. Sediments containing the Acila 
gettysburgensis Zone are much more widely distributed and are 
much thicker than those of the two lower zones. Apparently 
there was a partial withdrawal of the seas at the close of the 
Eocene and new invasion at the opening of the Oligocene. The 
embayments in which the Lincoln and Porter horizons were de- 
posited were restricted in area and possibly did not cover the 
Puget Sound Basin area. During the upper Oligocene the 
larger part of western Washington west of the foothills of the 
Cascades was covered with the waters of the ocean. There may 
possibly have been a low land area connecting the Cascades 
with the Olympics in Pierce and southern Kitsap counties. 
This problem is still unsolved. 

At the close of the Oligocene there was an emergence over 
a large portion of western Washington and all of the Puget 
Sound Basin became a land area. Embayments were still in 
existence in the Strait of Juan de Fuca region as well as in 
southwestern Washington. 

For purposes of detailed description western Washington 
may be divided into several provinces. The following divisions 
will be used in the discussion of the Oligocene: King County- 
Restoration Poimt Area; Cape Flattery-Strait of Juan de 
Fuca Area; Quimper Peninsula Area; Grays Harbor Area and 
Columbia River Area. 
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KING COUNTY—RESTORATION POINT ARBA. 
GEOGRAPHIC DISTRIBUTION. 

There is a prominent spur of the Cascade Mountains in 
King County between Snoqualmie and Green rivers which ex- 
tends westerly to Lake Washington. It crosses Puget Sound 
Basin in part as a sub-glacial and in part as a submarine 
ridge. The rocks forming the ridge are of Eocene and Oligo- 
cene age. Within the Puget Sound Basin they are exposed in 
Issaquah Mountain, Newcastle Hills, the low hills of South Se- 
attle and Alki Point, the low rock cliffs at the entrance to the 
Bremerton Navy Yard, the Bald Hills of central Kitsap County 
and the foothills of the Olympic Mountains between the Ducka- 
bush and Quilcene rivers. The greater portion of this ridge 
is buried beneath an enormous deposit of glacial drift. 

The core and south flank of the ridge and spur are com- 
posed chiefly of Eocene lavas and sedimentary rocks. The 
north flank is in part composed of Oligocene sedimentary rocks. 
The most easterly Oligocene exposures occur on the eastern 
side of Lake Sammamish, in Section 16, Township 24 North, 
Range 6 East in the side of a small creek. Outerops also ap- 
pear in the logging road cuts and small canyons on the divide 
between Coal Creek and Lake Sammammish. Farther west 
there are exposures south of Kirkland, east of Mercer Slough. 
The same rocks are well developed around the shores of Bailey 
Peninsula and from that point southward to Rainier Beach on 
the west side of Lake Washington. Similar exposures of the 
same formation have been made in the street excavations of 
Columbia City, South Seattle and Georgetown. At Alki Point 
Oligocene sandstones and shales occur tilted almost vertically 
and form a low marine terrace about 15 feet above sea level. 
The rocks are exposed along the beach for a distance of ap- 
proximately 1,500 feet. Similar low rock terraces occur along 
the south shores of Bainbridge Island as well as on the opposite 
shore of Rich Passage. The same formation appears six miles 
westerly along the shores of the narrow inlet between Bremer- 


ton and Silverdale. No more exposures occur as far as the 
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south end of the Quimper Peninsula. East of Everett and 
south of Snohomish, at Fiddler Bluff, shales and sandstones of 
Oligocene age are exposed in the railroad and wagon road cuts. 
The surface formations on all sides of these outcrops for many 


miles are composed entirely of glacial drift. 


STRATIGRAPHY, 

The most complete section of the Oligocene deposits within 
the Puget Sound Basin is to be found at the entrance to the 
Bremerton Navy Yard. One generalized section has already 
been described in the general discussion of the Oligocene of 
western Washington. This section was constructed along the 
line B-B’, Plate IV. ; 

The westerly continuation of the strata as exposed in sec- 
tion B-B’ reappear in the cross section A-A’. The upper beds 
exposed at Point Glover appear to be the equivalent of the 
beds in member (C) of the section B-B’. The extreme upper 
portion of member (G) as exposed at Orchard Point is the 
westerly continuation of the narrow conglomeratic layers oc- 
curring east of Bean Point on the south end of Bainbridge 
Island. The conglomerates outcropping at Quarry Point are 
the equivalent of those exposed at Middle Point. From Middle 
Point the same beds cross Rich Passage and appear in the 
cliffs at Fort Ward on the south shore of Bainbridge Island. 
Here they become less conglomeratic and more sandy. Near 
Restoration Point they are the equivalent of the upper portion 
of member (D). The shales and sandstones exposed between 
Point Glover and Middle Point are correlated with the sandy 
shales in member (C). The conglomerates in member (A) and 
the shales in member (B) do not appear on the south side of 
Rich Passage. It is possible that the conglomeratic sandstones 
and interbedded shales exposed near Tracyton and Phinney 
Point are the equivalent of members (A) and (B). The fol- 
lowing stratigraphic section has been measured between the 
basal beds at Orchard Point and the higher beds exposed at 


Point Glover: 
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Top of Section at Point Glover. Feet. 
Massive sandy shale with poorly defined bedding planes...... 150 
Sas IMT ERELERS COTY Oc fete Sav acts er cie cave fe cise en ETE eee one 70 
Prowmmsnerray Sandy <clay Shalt se. ci.. cc s0e@he crc cre ww cies.e oe 500 
PREM LOW SANAStONE +20... 54501 < ovtiua sees oe sieuevane 100 
Sere See ye SLAC oh otess, fetta dithn so 5 ce ake ler e cece hac one 45 
Brown massive coarse grained sandstone................0. 60 
Interbedded shale and sandstone, shale predominating....... 140 
Sone RSME ELIE OLS LORE wifey cash, ose dal ei's Cai git wake wal hw Geer aee ee olen nile 80 
PeICIMMCOGCG. (SHATG. «5% ass a oie oats os halberd dba eae ce abine 200 
Alternating beds of thinly bedded shales and sandstone..... 20 
Banded shale and sandstone, shale predominating........... 40 
ipardedmsnale ‘and sandstone.<.... ca. scave<tedacecccacens 20 
aimbvespedded gray shale... 06.0.0 00+.0vcenncecetevusenes 70 
Massive: Drownish gray sandstone........c0cecurecuvaccace 40 
SPMD GO CSTV ALG a5 35 ora ac) apcracahe Sie-4- 3 Sibie a byele & alee eno sees « 30 
MigevemeDLOW DO! SANASTONG so oa ccs ch cemge cate peeled vaeaahs 300 
Mainly shale, with a few narrow bands of interbedded sand- 

oe MEAN Woy ays ih silnl SPS Sse ovetmaeenehe Ee See tia a es. cs toes 200 
Mainly sandstone, with a few narrow bands of interbedded 

ERE Tayi ters acct dys aistencete,. 0 ines: ile. «ha Geass Gutt aueauer dhe ce oe as 30 
AMET CL mL ay) taf) ete ae os, © ietinnc Aaa hea oe ko Ae Sent 900 
WiririaemDEOWI. SANCStONG. ©... (00. coven ss aes see ue etwases 65 


Alternating layers of thinly bedded sandstones and shales with 
occasional bands of sandstone four to five feet in thickness 90 


Massive brown sandstone, slightly banded................. 7) 
MOM ARRCREAMREE INCL 65 Oech a oy Wer a.pe ress, wes’ c. obs Mttecnetcealaiiitce Snot eaS Sear LED hel oe 10 
iemmivencdded: shaly sandstone... veces ced «use cleusacewcces 40 
Alternating bands of thinly bedded shale and sandstone...... 63) 
ParcooVeM POW? 'SATIAStONE.,. soacs suecckicedihaawhs ob dmarde cuvoe. 20 
MeSmVvesUrowil eTitty sandstone.....«..6.<0scvvascecccdceece BD 
Gray shale possessing well defined bedding................. 100 
Massive brown sandstone containing bands of shale......... 50 
Mostly shale with a few bands of interbedded sandstones; 
Studrelare ely CONCEALCE. 6 sy. ¢dles aid uy esenereys a Pein bouharsiaue alee 1800 


Thinly bedded shale somewhat massive in places and contain- 
ing occasional bands of sandstone averaging one foot in 


MERON GRE ont Ps CBM naire ic 2.2 F Siero eve et aaa aaa lowe Penoherd ered ths 320 
Massive brownish gray sandstone containing pebbly and con- 
CII 27 PIC] 2 OY0 ESE eo MONCTON A re Re eae Pete Ace ge oes 1400 
Massive conglomerates composed of pebbles ranging up to two 
feet in diameter and composed in part of altered basalt... 15 
MEMO EGY SARASTONE ais die. wisa, ate lgvevene ceecetnaae ec aliotacees wiaile''e 60 
REMERON os lic. sy(cdhaks-Wi"eye fo cera ohare TEE he kk ue ei 15 
Massive gritty brown sandstone—these are the lowest strata 
exposed in the Bremerton Inlet area........ceeec cea ees 70 
PR RRUC ICIS Pia vein seicnaic ae Rate, ota Gites MARE et T615 


In other portions of the Puget Sound area only partial sec- 
tions can be measured. The northern and central parts of 
Seattle are composed entirely of deposits of glacial drift of 
great thickness. The southern portion of the city is in part 
built upon bed rock formations of Oligocene age. <A thin layer 
of drift is mantled over much of this. Over 1,000 feet of sand- 
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stones and shales outcrop in the eastern wall of Duwamish Val- 
ley between Brandon Street and Georgetown. To the north 
the bed rock surface passes rapidly below sea level and is coy- 
ered with over 800 feet of drift. To the south of Georgetown 
bedrock does not reappear for a distance of cight miles. Some- 
where within this interval the contact between the Oligocene 
and Eocene formations lies buried. 

One mile south of Georgetown, at South Park, on the west 
side of Duwamish River. three small rounded hills of sandstone 
and shale project through the alluvial covered floor of Du- 
wamish Valley. These exposures together with those at Du- 
wamish Station and Georgetown indicate that Oligocene bed- 
rock exposures do not exist very deep below the floor of the 
valley. 

In the street cuts of Columbia City, in South Seattle, shales 
and sandstones are exposed having a measured thickness of 
over 2,000 feet. A similar section exists to the east on the 
Bailey Peninsula where the deposits are in part composed of 
conglomerates. The strata outcropping in both of these Jo- 
calities are the eastern extension of those exposed at George- 
town as well as at the entrance to the Bremerton Nayy Yard. 

GEOLOGIC STRUCTURE, 

In the discussion of the Eocene formations in King County 
a predominating anticlinal structure was described as trending 
east and west through South Seattle. The core. and south 
flank was described as being composed of lavas and Eocene 
sediments. The north flank of the anticline is in part made 
up of Oligocene sandstones and shales which have just been 
described. 

The principal structure consists of a predominating anti- 
clinal axis referred to in this report as the Neweastle anticlinal 
axis, Plate IV, trending in a somewhat sinuous fashion through 
the Newcastle Hills westerly into South Seattle. It can be 
definitely traced from a point three miles east of Issaquah where 
it extends southwesterly to a point south of the same town. 


It crosses Issaquah Creck, passes through Squak Mountain and 
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into the Newcastle Hills. The Eocene lavas forming the core 
of the anticline outcrop on the eastern shore of Lake Wash- 
ington south of the mouth of Coal Creek. Mercer Island and 
a large portion of the hills south of Columbia City are com- 
posed mostly of glacial deposits. The probable position of the 
anticlinal axis has been drawn upon the map, Plate IV, from 
the structural evidence afforded by the occurrence of Oligo- 
eene shales and sandstones in Columbia City and the Bailey 
Peninsula. 

Oligocene sediments are not known to occur on the south 
flank of the Newcastle anticline. It is possible that they may 
at one time have extended much farther to the south and have 
later been removed by erosion or the original shore line may 
have been not far south of the present Eocene-Oligocene con- 
tact. The westerly continuation of the anticlinal structure oc- 
curs in the Bald Hills of Kitsap County where it may be mono- 
clinal. 

The Oligocene sediments in the north flank of the anticline 
have been somewhat wrinkled and developed into minor folds. 
The axes of such folds have been inserted on Plate IV. 

A broad synclinal fold with its axis pitching to the north 
has been formed in the region of Lake Sammammish. Its nose 
is about two miles south of the town of Issaquah. The strata 
involved in its eastern limb are exposed to the east of Issaquah 
at Grand Ridge and to the north in Section 13, Township 24 
North, Range 6 East. They have a strike of North 60° East 
and dip to the northwest. The sandstones and shales forming 
the western limb of the fold outcrop in the vicinity of the Su- 
perior coal mine on Tibbett’s Creek and westerly at Coal Creek 
and Neweastle. Observations taken in the rock tunnels of the 
Coal Creek mine and along Coal- Creck give strikes ranging 
from North 85° West to North 55° West. The dip varies 
from 40° to 70° to the northeast. 

A second synclinal fold has been formed in the vicinity of 
Columbia City and South Seattle. Its axis also pitches north- 


erly. The strata involved in the eastern limb outcrop in the 
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western portion of Columbia City and along the shores of the 
Bailey Peninsula where the prevailing strike is North 70° East 
and the dip 60° to the northwest. The sandstones and. shales 
exposed within and to the west of Columbia City form the west- 
ern limb and have a prevailing strike North 70° West and a 
dip of 70° to the northeast. ‘The structural conditions at the 
Bailey Peninsula and along Coal Creck suggest the presence 
of a minor anticlinal fold in the near vicinity of Mercer Island. 

A third synclinal fold lies in Duwamish Valley. Its eastern 
limb is composed of strata exposed in the bluff along the eastern 
side of Duwamish Valley from Brandon Street to Georgetown. 
Between Brandon Street and the Archer Blower Iron Works 
the beds have a strike of North 25° East and a dip of 28° to 
the northwest. To the south in the vicinity of Georgetown 
the strike is more nearly north and south. South of George- 
town the strike is North 25° West and the dip 35° to the 
southwest. The nose of the fold is near Duwamish Station. 
The western limb is formed of rock outcrops in the three hills 
at South Park and Alki Point. At the former locality the 
strike is North 50° West and the dip 50° to the northeast. 
The hills between Duwamish Valley and Admiralty Inlet are 
entirely composed of deposits of glacial drift. The structural 
conditions on the eastern side of Duwamish Valley and in the 
western part of Columbia City indicate the existence of a minor 
anticline in the ridge between. 

Excellent exposures of the Oligocene strata occur on the 
south shore of Bainbridge Island as well as to the south on 
the opposite shore. The structural relations may be seen on 
Plate XXIV. A minor anticlinal fold occurs between Point 
Glover and Middle Point on the south of Rich Passage. A 
small synclinal fold exists on the south end of Bainbridge Island 
between Pleasant Beach and Bean Point. From Point White 
westerly no Oligocene deposits are exposed as far as Tracyton. 
In the vicinity of Tracyton sandstones and shales outcrop along 


the water’s edge for a distance of a mile. No further exposures 
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occur as far as the west side of Hood Canal with the exception 
of glacial drift. 

To the north of the area described in both King and Kitsap 
counties no bedrock outcrops at the surface. The Oligocene 
formations in the north flank of the Newcastle anticline, from 
structural conditions occurring at the surface, must extend very 
deep. Presumably there is a major synclinal trough trending 
east and west and eight or ten miles to the north of the sur- 
face exposures. Such a trough does exist between Port Dis- 
covery Bay and Quilcene Bay in Jefferson County. The strata 
involved in the south flank of this trough are the westerly con- 
tinuation of those exposed at the entrance to the Bremerton 
Navy Yard. Those on the north flank are probably the equiv- 
alent of deposits which are presumed to exist far below sea 
level in northern Kitsap and King counties. 

Between Duwamish Station and Renton and easterly to 
Cedar River folds have been formed but the strata involved are 
of Eocene age. It is possible that small outliers of Oligocene 
sediments may exist but as yet they have not been discovered. 

Fossil marine invertebrates are abundant and fairly well 
preserved in certain localities in this area. There is very little 
variation in the faunas from the upper to lower beds. They 
represent the Acila gettysburgensis Zone. The Molopophorous 
lincolnensis and Turritella porterensis zones are absent or at 


least have not as yet been recognized. 


QUIMPER PENINSULA AREA. 
GEOGRAPHIC DISTRIBUTION. 

The Quimper Peninsula forms the extreme northeastern 
corner of the Olympic Peninsula. The surface exposures over 
most of this area consist of sands, clays and gravels of glacial 
origin. At several localities along the shore and in the small 
ereek canyons there are exposures of lavas and sedimentary 
rocks of Eocene and Oligocene age. The former have been 
described in the previous chapter. From Hood Head on Ad- 
miralty Inlet a belt of Eocene lava and tuffs four miles wide 
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extends northwesterly across the peninsula to the south end of 
Port Discovery Bay. They continue as a narrower belt from 
the western shore of Port Discovery Bay to Sequim Bay. These 
rocks constitute the core or axis of an anticline which to the 
east in Kitsap County does not appear at the surface. Sand- 
stones and shales of Oligocene age rest upon both the north- 
eastern and southwestern flanks. The former outcrop at the 
water’s edge along the shore of Oak Bay, Scow Bay, the south- 
ern part of Port Townsend Bay and the middle shores of Port 
Discovery Bay. The latter are exposed at the south end of 
Port Discovery Bay and along the cuts of the Port Townsend 
and Southern Railway as far as Quilcene. The area between 
the railroad and the central core of Eocene lavas is largely 
covered with glacial drift. To the southwest of Quileene Eocene 
lavas reappear as the surface exposures where not covered with 
drift. The contacts as drawn upon Plate IV are provisional 
since they are in most places concealed beneath deposits of 


drift. 
GEOLOGIC STRUCTURE. 


A synelinal and an anticlinal fold constitute the predominant 
structural feature of this area. The approximate position of 
the anticlinal fold has been described. The synclinal fold is 
to the southwest of the former and trends from southeast to 
northwest. The trough is from six to eight miles in width but 
narrows from the southeast to northwest. The strata out- 
cropping along the railroad from Quilcene to Port Townsend 
Bay form its southwestern limb. The sandstones and shales 
exposed from Crocker Lake to Fairmont on the shore of Port 
Discovery Bay are a part of the northeastern limb. This syn- 
cline is probably the northwestern continuation of the one in 
Kitsap and King counties lying north of the Neweastle anti- 
cline and buried beneath an enormous thickness of glacial drift. 
Its south limb is composed of strata which are an extension 
of the Oligocene at Bremerton Inlet, Seattle and the Newcastle 
Hills. 

About five miles northeast of Quileene sandstones outcrop 


on the wagon road to Dabop Bay. The hills on the west side 
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of Crocker Lake have excellent exposures of shale and sand- 
stone. They strike northeast and southwest and seem to be 
passing around the nose of the syncline. 

North of Hood Head partially stratified tuffs and inter- 
-alated lavas are dipping to the north at an agle of 28°. About 
one mile north of Olele Point Oligocene shales are resting upon 
the lavas and dipping north at an agle of 8°. From that point 
to the south end of Port Townsend Bay shales with alternating 
beds of sandstone have an average angle of dip to the north 
of 15°. Along the shores of the southern end of Port Town- 
send Bay and Scow Bay the sedimentary rocks are interbedded 
shales and sandstones. 

On the eastern shores of Port Discovery Bay gray sand- 
stones outcrop at the water’s edge just north of Woodman Sta- 
tion. They are resting nearly flat but in places are slightly 
undulating. Massive clay shales are exposed on the opposite 
western shore of the bay. 

Poorly preserved fossils occur scattered through the strata 
at different localities. They are most abundant north of Wood- 
man Station on Port Discovery Bay and near the north end of 
Oak Bay. The species are somewhat different from those in 
the Acila gettysburgensis Zone and seem to have closer affini- 
ties with the Turriteila porterensis and Molopophorous lin- 


colnensis Zone. 


CAPE FLATTERY-STRAIT OF JUAN DE FUCA AREA 
GEOGRAPHIC DISTRIBUTION. 

The area involved extends from Port Crescent westerly to 
Cape Flattery, a distance of fifty miles. The belt is six to 
eight miles in width. It forms the north coastal border of the 
Olympic Peninsula. The surface exposures are almost entirely 
composed of glacial drift. The Oligocene rock outcrops are 
confined to the shore line and the canyons of the creeks drain- 
ing to the Strait of Juan de Fuca. With the exception of the 
divide extending to Cape Flattery the average elevation is 400 
feet above sea level. The contact between the Eocene and 


Oligocene, which has been designated upon the map, Plate IV, 
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is provisional. On the coast south of Cape Flattery it can be 
definitely established one mile north of Portage Head. It oc- 
curs near the falls on Hoko River in Section 24, Township 31 
North, Range 14 West. Between Hoko River and the ocean 
a detailed search has not been made. The region is heavily 
timbered and covered with glacial gravels. The contact crosses 
the Forks-Clallam Bay wagon road just south of the divide 
and continues westerly north of Solduck River to Lake Cres- 
cent. The line as drawn upon the map is only approximate and 
should not be accepted as accurate. Exposures of lava occur 
in the wagon road cuts on the north side of Lake Sutherland 
in Section 21, Township 30 North, Range 8 West. From Lake 
Sutherland the contact trends northwesterly and reaches the 
coast at a point two miles west of Port Crescent. 
GEOLOGIC STRUCTURE. 

Both the Oligocene and Eocene deposits on the north shore 
of the Olympic Peninsula are involved in a large synclinal 
trough the axis of which trends from Lake Sutherland north- 
westerly diagonally across the Strait of Juan de Fuca. The 
northeastern limb of it is represented as a narrow fringe on 
the opposite shore of Vancouver Island. The southwestern 
limb has just been described as forming the north border of the 
Olympic Peninsula. The strata involved within it are 19,000 
feet thick, 15,000 feet of this amount consisting of shales and 
sandstones of Oligocene age. Above these there are 4,000 feet 
of lower Miocene sandstones and shales exposed on the shore of 
the Strait of Juan de Fuca between Pysht and Clallam Bay. 

On the southwestern flank of the major syncline ten trans- 
verse minor anticlinal and synclinal folds have been developed 
between Crescent Bay and Cape Flattery. Their average trend 
is about North 15° East. The nose of the major syncline 
where the Oligocene beds rest upon the Eocene basalts is sit- 
uated in Section 19, Township 30 North, Range 8 West. The 
axis of the syncline crosses the county wagon road in Section 6, 
Township 30 North, Range 9 West, and extends northwesterly, 
intersecting the coast one mile west of Gettysburg. The shales 
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on the eastern limb have an average strike of North 60° West 
and dip to the southwest at an angle of 18°. The strata in- 
volved in the western limb have a prevailing strike of North 
75° West with a dip ranging from 13° to 45° to the northeast. 
In the vicinity of the point where the synclinal axis emerges at 
the Strait of Juan de Fuca an anticlinal axis also emerges with 
a trend North 30° East. The strata forming the western limb 
of the anticline are exposed in the bluffs along the shore for a 
distance ten miles-west of Gettysburg. he prevailing strike 
is North 60° East and the dip 18° to 45° to the northwest. 

In the bluff just west of Twin River sandy shales occur 
striking nearly north and south with a dip of 15° to the west. 
Farther to the west the first exposures encountered are about 
one and one-half miles west of Deep Creek with a strike of 
North 30° West and a dip of 30° to the southeast. On the 
basis of this evidence and a similarity of the stratigraphic sec- 
tions a synclinal trough is believed to trend nearly parallel to 
Deep River. A small anticline exists one and one-half miles 
east of Pysht. From Pysht to Clallam Bay the exposures along 
the shore of the strait are of lower Miocene age. 

From the mouth of Sekiu River to Cape Flattery the strata 
are entirely of Oligocene age. The structure is mainly mono- 
clnal. The sandstones and shales involved in the monocline 
are in reality the southwestern limb of the major syncline pre- 
viously described. Observations taken on strike and dip along 
the Clallam Bay-Forks wagon road for a distance of five miles 
from Clallam Bay give an average strike of North 60° West 
and a dip of 40° to the northeast. On Pysht River in Section 
23, Township 31 North, Range 12 West the strike is North 
35° West and the dip 32° to the northeast. Two miles south 
of this point they begin to appear along the wagon road and 
continue to the main divide. In the western part of Section 26, 
Township 31 North, Range 12 West, the strike of the shales 
ranges from North 6° West to North 80° West with a dip of 
45° to the northeast. Just south in Section 35 the strike be- 
comes North 70° West and the dip 60° to the northeast. 
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Along the shores of Cape Flattery the strike varies from 
North 70° West to North 30° West with a constant dip to 
the northeast ranging from 20° to 70°. At the extreme point 
of the cape the dip is nearly flat in places and on 'Tatoosh 
Island the strike is North 80° East and the dip 20° to the 
southeast. South of the cape near the mouth of Sooes River 
the strata have an average strike of North 45° West with a 
dip ranging from 20° to 80°. Observations taken in the cliffs 
along Waatch Slough conform in general to those around the 
shores of the cape. 

Between Sooes River and Portage Head the Oligocene de- 
posits are covered with Pleistocene sands and gravels, so that 
the structure cannot be determined. At Portage Head badly 
altered basalts of probable Eocene age form prominent out- 
crops. It is possible that a fault extends from the north end 
of this head southeasterly along the main divide. If so the 
Oligocene deposits may have been dropped to the north as a 
block. Between Portage Head and Point of the Arches, Oligo- 
cene strata outcrop along the beach for a distance of three 
miles. They have been folded into a synclinal trough whose 
axis trends North 45° West and intersects the coast line in 
Section 19, Township 82 North, Range 15 West. The strata 
forming the north limb strike North 35° West and dip at an 
agle of 65° to the southwest. Those in the south limb have a 
strike of North 40° West and dip 45° to the northeast. No 
determination has been made as to how far these deposits ex- 
tend to the southeast. 

The Oligocene deposits on the north shores of the Strait of 
Juan de Fuca opposite Cape Flattery outcrop at intervals 
from Sooke Bay westerly to Carmanah Point. They rest un- 
conformably upon Carboniferous and Mesozoic metamorphies 
together with Eocene lavas and tuffs. 

FAUNA. 

The shales exposed between Crescent Bay and Gettysburg 

and along the north shores of Lake Crescent contain a small 


fauna more closely allied to the Turritella porterensis Zone 
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than to the Acila gettysburgensis Zone. The shales occurring 
along the shore south from Cape Flattery are presumably of 
the same horizon. ‘The exposures between Twin and Pysht con- 
tain a fauna typical of the Acila gettysburgensis Zone. The 
strata are the equivalent of those in Kitsap and King counties. 
The fauna occurring in the shales and sandstones between 
Sekiu River and the extreme point of the Cape belong to the 
same zone. The massive sandstones and shales exposed between 
Pysht and Clallam contain a lower Miocene fauna. The con- 
tact relations between the lower Miocene and the Oligocene at 
Pysht and Clallam Bay are uncertain. There appears to be 
a fault contact just east of Pysht. Presumably the two forma- 
tions are unconformable. At the time when the maps accom- 
panying the report were made the strata containing the Acila 
gettysburgensis Zone and the Turritella porterensis Zone were 
thought by the writer to be lower Miocene. As a result, they, 
together with the Arca montereyana Zone as exposed between 
Pysht and Clallam Bay are included in the Clallam formation. 
In the revised grouping the Arca montereyana Zone or lower 
Miocene is not included within the Clallam formation. The 
Clallam formation as previously defined is restricted to the 
Oligocene marine deposits. 

A list of the faunas occurring at the localities along the 
Strait of Juan de Fuca are given in the Faunal lists of the 
Oligocene on page 170. 


GRAYS HARBOR AREA. 
GEOGRAPHIC DISTRIBUTION. 

The Oligocene deposits of the Grays Harbor area involve 
approximately 600 square miles of territory. They lie in con- 
tact with the overlying upper Miocene deposits and to the south 
and east with the Tejon formation. The area indicated upon 
Plate III as the Lincoln formation should also be grouped with 
the marine Oligocene for discussion. The larger part of the 
area is heavily covered with forest and such rock exposures as 
occur are usually deeply altered and converted into soil. The 


tracing of contacts upon the surface becomes exceedingly dif- 
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ficult. The contacts as designated upon Plate III are only 
approximate. Observations were made on the different creeks 
and the positions of contact noted where possible. Such points 
were connected by provisional contact lines. Large portions of 
this area are entirely devoid of surface rock exposures but 
wherever conditions warranted it the probable underlying bed 
rock formations were given the preference in mapping. Where 
it was impossible to determine the character of the underlying 
formations the surface gravels or sands were mapped. 
Beginning at Grays Harbor and passing southerly, the con- 
tact of the Oligocene shales and sandstones may be seen on 
North River in the northwestern corner of Township 15 North, 
Range 9 West. South of this locality the exposures are con- 
cealed. The contact crosses Willapa River about halfway be- 
tween South Bend and Raymond. To the north and south of 
the city of South Bend basaltic rock appears in places which 
are presumably of Eocene age. To the south of Raymond a 
survey was made up the south fork of Willapa River and the 
contact determined as indicated upon Plate II. Several basalt 
flows are intercalated with shales. Fossils are absent and the 
uppermost lava flow was chosen as the base of the Oligocene 
formations. From Trap Creek the contact swings more nearly 
east and follows the foothills about two miles south of the South 
Bend branch of the Northern Pacific Railway. In Willapa 
River at Holcomb there are basaltic tuffs and lavas whose 
stratigraphic position could not be definitely determined. The 
contact was drawn two miles south of Holcomb on the basis of 
finding a few species of Oligocene fossils on Trap Creek. A 
contact was observed in the cuts of the railway just west of 
Pluvius Station on the divide between the headwaters of Wil- 
lapa and Chehalis rivers. From this point it swings northerly 
as an irregular line and follows roughly the divide between 
Chehalis and North rivers. It passes the headwaters of Vesta, 
Pioneer and Martin creeks on the southwest and Rock and 
Garrard creeks on the northeast. It continues on to the north- 
western side of Chehalis Valley which it crosses near the junc- 
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tion of Rock and Cedar creeks. Thence it extends northwest- 
erly until it disappears beneath the drift covered areas of Mason 
County. 

Basalt occurs along the divide between Fall River and Wil- 
son Creek in the northwest corner of Township 14 North, Range 
6 West. This has been mapped as Eocene but may possibly 
be a Miocene flow. If so it lies in contact with the Eocene 
basalts to the east and cannot as yet be separated from them. 
The north limits of the Oligocene deposits lie in close proximity 
to Chehalis River. The contact crosses east of the town of 
Montesano and swings past Bitter Creek and Wynoochee River 
in the north central part of Township 18 North, Range 8 West. 
West of this place it turns south and crosses Chehalis River 
east of Cosmopolis. 

The strata occurring in the south halves of Township 17 
North, Ranges 7 and 8 West are in part lower Miocene: On 
Plate III it is included with the Clallam formation. Insufficient 
information is available to determine its areal limits. 


GEOLOGIC STRUCTURE. 

The Oligocene deposits of the Grays Harbor area have been 
folded into a series of nearly parallel anticlines and synclines 
trending approximately North 50° West. Three synclinal 
troughs have been developed. The most southerly of the three 
extends from the headwaters of Willapa River northwesterly to 
Grays Harbor. The south limb resting upon Eocene basalts, is 
composed of sandy shales and sandstones which near the town 
of Willapa have a strike nearly north and south and a dip 
varying from 10° to 20° to the east. Survey traverse lines 
were made up Mill Creek and the data obtained has been platted 
upon Plate II. The strata have an average strike of North 
60° West and a dip of 20° to 30° to the northeast. Nearly 
all the observations recorded between Willapa and Francis 
show a prevailing northwest strike and a dip to the northeast. 
Rock exposures forming the north limb may be seen in the 
stream canyons on the road from Willapa to Brooklyn. The 
average strike is North 45° West and the dip 20° to the south- 
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east. Observations made on the same limb along North River 
in Township 16 North, Range 9 West show prevailing strikes 
of North 60° West and dips ranging from 18° to 34° to the 
southwest. 


A second synclinal trough trends from the headwaters of 
North River northwesterly to Montesano. Both flanks are dip- 
ping at very low angles towards the axis and the trough itself 
is pitching to the north. South of Chehalis River in Township 
17 North, Ranges 7 and 8 West, the strata become nearly flat 
and finally develop into four minor short folds all trending 
northwesterly. The eastern limb of the main trough may be 
cut off from the underlying basalts by a fault trending diagon- 
ally across Township 16 North, Range 6 West. 

To the northwest of Montesano the Oligocene is fairly well 
exposed in places and while the strata are not sharply folded yet 
there are undulations which may be definitely traced as anti- 
clinal and synclinal troughs. The positions of these folds have 
been designated upon Plate III. 

Outcrops are well exposed along the O.-W. R. R. & N. Co. 
track between South Elma and Cosmopolis. The strata involved 
are presumably of lower Miocene age but they are grouped with 
the Clallam formation on Plate III. About three miles east of 
South Montesano an anticline crosses Chehalis River trending 
North 55° West. Exposures of the northeastern flank in the 
O.-W. R. R. & N. Co. cuts strike North 50° West and dip 15° 
to the northeast. In the southwestern limb the dip is 80° to the 
southwest. 

Three miles west of this anticline and south of Montesano 
the nose of a synclinal trough has been developed. It pitches 
South 45° East. On the northeastern side of the synclinal nose 
the sandstones and shales strike North 50° West and dip 35° 
to the southwest. To the west the strike gradually becomes 
more westerly until due south of Montesano it swings around and 
becomes north and south, with a dip of 30° to the east. In the 
grade cuts on Clemmon’s logging road in Sections 19 and 20, 
Township 17 North, Range 7 West, the average strike is North 
60° West and the dip ranges from 15° to 25° to the northeast. 
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To the west of this synclinal axis a nearly parallel anticline 
crosses Chehalis River one-half mile east of Melbourne. It trends 
northwesterly and then turns and crosses Wynoochee River two 
miles south of its junction with Bitter Creek. Three miles far- 
ther west there is a synclinal trough and west of this the upper 
Miocene deposits rest upon the Oligocene and lower Miocene 
strata unconformably. 

A small anticline crosses Wynoochee River in Section 16, 
Township 18 North, Range 8 West. The strata on the north 
flank dip at an angle ranging from 8° to 15° to the northeast 
while those on the south flank have a dip of 21° to the southwest. 
About one mile south a shallow syncline has been formed with a 
trend of approximately North 65° West. 

In the southeastern part of Grays Harbor County a syn- 
clinal trough has been developed in the valley of Chehalis River 
from Oakville to Elma. It trends North 40° West and pitches 
to the northwest. The strata involved belong to the middle 
Oligocene or Turritella porterensis Zone. They are resting 
upon the Eocene basalts which are exposed at Oakville and in 
the Black Hills. On the east side of Chehalis River there are 
bluffs of sandy shale having a strike of North 30° East and a 
dip of 6° to 10° to the northwest. ‘Three miles to the north, 
on Porter Creek, the dip increases to 40°. At this locality 
layers of basalt are interbedded with the sediments. No fossils 
occur and it is not certain whether the interbedded sediments are 
Oligocene or Eocene. To the northeast the Oligocene deposits 
are covered with sandstones and shales of upper Miocene age. 
The south limb of the syncline has a prevailing dip to the north- 
east, although in places as on Rock Creek in Section 17, Town- 
ship 16 North, Range 5 West, it is nearly horizontal or undulat- 
ing. On Lankner Creek in Sections 25 and 26, Township 17 
North, Range 6 West, the shaly sandstones have a strike of 
North 60° West and a dip ranging from 10° to 16° to the 
northeast. North of Delazine Creek upper Miocene deposits 
overlie the Oligocene. 
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A small isolated exposure of lowermost Oligocene occurs 
in southwestern Thurston and northwestern Lewis counties. 
The area is designated upon Plate III as the Lincoln forma- 
tion. More recent studies since the completion of the maps 
have proven that the Lincoln formation is lowermost Oligo- 
cene and represents the Molopophorous lincolnensis Zone or the 
Lincoln Horizon. The deposits are at least 800 feet thick 
and are involved in a northwesterly trending shallow trough. 
Observations taken on the strike and dip between Lincoln Creek 
and Helsing Junction show a prevailing dip ranging from 4° to 
12° to the southwest. At a point three miles above the mouth of 
Lincoln Creek the strata are dipping to the northeast. For 
some distance west of Helsing Junction the predominant. dip 
is to the east and northeast, at angles ranging from 60° to 40°. 
The approximate position of the axis of this trough has been 
designated upon Plate III. 

A small exposure of sandy shale occurs in the banks of 
Olequa Creek two miles south and west of Winlock. The fossils 
collected belong to the Molopophorous lincolnensis Zone. The 
surrounding country is deeply buried with gravels and sand and 
the lack of surface rock outcrops prevents areal mapping. The 
strata have an average strike of North 20° West and a low dip 
to the northeast. 

COLUMBIA RIVER AREA. 
GHOGRAPHIC DISTRIBUTION, 

The Oligocene and lower Miocene deposits have been mapped 
as the Clallam formation in this area. With more detailed field 
studies in the future it may be possible to make a separation. 
These deposits occupy a belt along the north side of Columbia 
River roughly 45 miles in length by 10 miles in width. The 
belt extends in a nearly east to west direction from the ocean 
to within ten miles of Cowlitz River. At the eastern end it is 
only two miles in width, while at Shoalwater Bay it is over 15 
miles. The contacts in most places are only approximate. It is 
possible that some of the lavas occurring on Nasel River which 
have been mapped as Eocene are in reality Oligocene. The 
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northern contact has been drawn two miles north of the mouth 
of Nasel River at the base of the basaltic ridge. Oligocene 
shales outcrop at the mouth of the river and at various points 
along its course. Basalts also occur along the river at certain 
points. One of these is in Section 20, Township 11 North, 
Range 8 West in a deep canyon. The rock is an agglomeratic 
tuff with intercalated narrow tongues of lava. The lavas have 
been mapped as Eocene and:the sedimentary rocks as Oligocene 
on the basis of faunas. Just above the mouth of Alder Creek 
there are a few poorly preserved fossils occurring in the tuffs 
which may be Oligocene. The Eocene-Oligocene contacts have 
been located on both the left and main forks of Grays River as 
well as on Skamokawa and Alockaman rivers. Marine Oligo- 
cene fossils occur in Section 6, Township 9 North, Range 4 
West, on the west branch of Abernathy Creek. Sediments of a 
similar character containing a similar fauna occur on Germany 
Creek, seven miles from its mouth. Doubtless small patches as 
yet undetected exist farther to the east. 

‘The south contact of the Oligocene and the underlying ba- 
salts crosses Alockaman River in Section 2, Township 9 North, 
Range 5 West. A narrow belt of basalt trends parallel to 
Columbia River from Skamokawa to Altoona. The contact 
with the Oligocene sediments on the north is indefinite. It is 
in part complicated by faulting. 

Massive cliffs of basalt form the cape at the north entrance 
to Columbia River. Stratigraphically above the basalts are 
tuffs and interbedded shales containing lower Oligocene fossils. 
At Fort Columbia opposite Astoria, massive tuffs are exposed 
forming the core of an anticline. Shales and massive sandstones 
rest upon them. These are presumably Eocene but no fossils 
were found to prove their age. They may possibly be inter- 
bedded with the lower Oligocene sediments. No attempt has 
been made to differentiate them from the Clallam formation. 
Narrow dikes of diabase cut the Oligocene strata between 


Knappton and Grays Bay. One of the largest of these dikes 
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outcrops on the north shore of Columbia River in Section 11, 
Township 9 North, Range 9 West. 

Basalts occur intercalated with the shales and sanstones 
exposed at the south end of Long Island in Shoalwater Bay as 
well as along the shores of Long Island Slough. 

The Oligocene formations exposed in this area consist of 
massive sandy shales, and interbedded narrow bands of shale and 
sandstone. Some of the shale bands are thinly bedded and oc- 
easionally calcareous. East of Knappton on the north shore of 
Columbia River small nodules occur in the shale bands. These 
are decidedly calcareous and usually contain at their centers a 
small fossil or pebble. The surface rock exposures are usually 
deeply altered and often entirely converted to soil. 

GEOLOGIC STRUCTURE. 

The Oligocene and lower Miocene strata of this area have 
been folded into a trough-like basin extending nearly east and 
west. Within this trough subsidiary anticlinal and synclinal 
folds have been developed all of which have a prevailing north- 
west to southeast trend. In Wahkiakum and Cowlitz counties 
the axes of the folds have an average trend of North 60° West. 
To the west in Pacific County they swing more to the north- 
west. An examination of the cliffs along the north shore of 
Columbia River indicates a syncline to intersect the shore in 
Section 1, Township 9 North, Range 9 West. The intervening 
area northward to Nasel River is barren of outcrops of such 
character that observation on strike and dip can be obtained. 
The syncline probably crosses the river in Section 4, Township 
10 North, Range 9 West. From observations taken along the 
shore of Columbia River west of Knappton an anticline seems to 
exist with a northwesterly trend toward Shoalwater Bay. 

An examination of the small creeks emptying into Wallicut 
River indicates the presence of a syncline between Bear River 
and Ilwaco with a trend of North 35° West. The more promi- 
nent folds of this area have been inserted on Plate III. A more 
detailed examination of the district would probably show many 
other minor folds provided sufficient rock exposures could be 
found. 
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CHAPTER V. 
MIOCENE FORMATIONS. 


GENERAL STATEMENT. 


Recent faunal evidence indicates that a part of the deposits 
of western Washington formerly regarded by the writer as 
lower Miocene are in reality Oligocene. The extreme upper 
portion of the Clallam formation as designated upon Plate IV 
is characterized by the Arca montereyana fauna. The term 
Clallam formation is now restricted to the Oligocene and the 
Arca montereyana Zone or Wahkiakum Horizon is retained in 
the lower Miocene. 

There is a marked unconformity between the formations of 
the lower and upper Miocene. The former occur in Clallam 
County between Pysht and Clallam Bay as well as in Grays Har- 
bor County between Montesano and Cosmopolis. Exposures also 
are present in Wahkiakum County on Alockaman River twelve 
miles north of Cathlamet. The upper Miocene deposits are con- 
fined to the Grays Harbor region and a small area in south- 
western Clallam County near the mouth of Quillayute River. 
The total maximum thickness of the Miocene sediments is not 
over 8,000 feet. 

LOWER MIOCENE. 
GEOGRAPHIC DISTRIBUTION. 


The massive sandstones and shales outcropping along the 
shore of the Strait of Juan de Fuca between Pysht and Clallam 
Bay contain a fauna distinct from the older Oligocene faunas 
as well from the younger upper Miocene faunas. The rocks are 
predominantly massive brownish gray sandstones which in places 
become grits or conglomerates. They exhibit distinct cross-bed- 
ding and give the appearance of having been deposited partly 
in the form of sand dunes. _Carbonaceous bands occur occasion- 
ally. In Section 25, Township 32 North, Range 12 West a coal 
seam is interbedded with the massive sandstones and has at 
former times been worked on a commercial scale. The lower Mio- 
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cene deposits of this area were largely formed under shallow 
water conditions. 

The lower Miocene of the Chehalis Valley between Montesano 
and Cosmopolis is predominantly composed of massive sandy 
shales and shaly sandstones. They contain deeper water marine 
faunas than at Clallam Bay. The structural conditions oc- 
curring in this area have been described in the discussion of the 
Oligocene. The lower Miocene sandstones and shales outcrop- 
ping on the banks of Alockaman River in Wahkiakum County 
have also been referred to and described in the chapter on the 
Oligocene. 

GEOLOGIC STRUCTURE. 

Seven anticlinal and synclinal folds have been developed in 
the sandstones exposed between Pysht and Clallam Bay. One 
mile east of Pysht River an anticline trends North 15° West. 
The strata in the eastern limb strike North 10° West and dip 
55° to the northwest. Immediately west of this locality and 
east of the bluff at the mouth of Pysht River, the strike is 
North 22° East and the dip 75° northwest. 

At Pillar Point there are massive sandstones in which a 
sharp synclinal fold has been developed. The eastern limb at 
Pillar Point stands nearly vertical and in places is even over- 
turned. About one and one-half miles west of Pillar Point a 
shallow anticline has been formed with a northeasterly trend. 
The two limbs are each dipping away from the axis at angles of 
15°. From this point westerly to the northwest quarter of Sec- 
tion 31, Township 82 North, Range 13 West, the dip con- 
tinues westerly but increases to 60°. At this locality there is 
a closely folded syncline with a northeasterly trend. Both limbs 
dip 45° to the axis. Fifteen hundred feet west the same strata 
are folded into an anticline on the township line between ranges 
11 and 12. The axis is just one-half mile east of the Clallam 
Bay coal mine. The strata east of the mine strike North 12° 
East and dip 15° to the northwest. West of the mine there is 
a small local fault. Four thousand feet west of the coal mine 


the sandstones are again folded into a synclinal trough. The 
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eastern limb strikes North 26° East and dips 15° to the north- 
west, while the western limb trends North 75° West and dips 
to the northeast at an angle of 30°. One mile west, the beds 
swing and strike North 12° East with a dip of 20° to the south- 
east. Immediately west the same strata are again folded into 
an anticline and from its axis west to Slip Point the prevailing 
strike is North 80° West with a northeasterly dip of 60°. 

A complete list of the fauna occurring within the lower 
Miocene is included in the faunal table of the Oligocene. The 
following species are among the most common within the Arca 
montereyana Zone: Arca montereyana Osmont, Chione securis 
Shumard, Diplodonta parilis Conrad, Pecten propatulus Con- 
rad, Pecten fucanus Arnold, Tellina arctata Conrad, Panope 
generosa (Gould), Phacoides acutilineatus (Conrad), Spisula al- 
bartia (Conrad), Tellina oregonensis Conrad, Venericardia 
quadrata Dall, Chione olympidea Reagan, Chione clallamensis 
Reagan, Ficus clallamensis Weaver, Crepidula praerupta Con- 
rad, Fusinus stanfordensis (Arnold), Polynices saxea (Con- 
rad), Sinwm scopulosum Conrad, Dentalium conradi Dall and 
Aturia angustata Conrad. 


UPPER MIOCENE 
MONTESANO FORMATION. 
Geographic Distribution. 

The Montesano formation consists of an assemblage of con- 
glomerates and sandstones with subordinate amounts of shale. 
The deposits attain a maximum thickness of 5,400 feet. They 
are limited in distribution, being confined to two widely sepa- 
rated areas. The larger is situated in the Grays Harbor region 
and for the most part north of Chehalis River. The smaller is 
in southwestern Clallam County in the vicinity of the junction 
of the Soleduck and Bogachiel rivers. The exact areal limits 
of the latter are indefinitely defined. 


Lithology. 
The formation in the Grays Harbor region consists of a 
thick series of moderately consolidated coarse grained, cross- 


bedded, brownish gray sandstones which in places become gritty 
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or even conglomeratic. The conglomeratic belts usually occur 
in the form of lenses or tongues. The sandstones often are shaly 
and in the canyon of Wishkah River pass into clay-shales. In 
the canyons of the two forks of Humptulips River interbedded 
narrow bands of shale and sandstone are common. 

In the Quillayute area shaly sandstones and gritty con- 
glomerates predominate. Shales and sandy shales occur spar- 
ingly. The sandstones are commonly cross-bedded. No igne- 
ous materials of contemporaneous origin are known to occur. 

Stratigraphy. 

In the Grays Harbor area the upper Miocene strata have 
a maximum thickness of 5,400 feet. In the Cape Elizabeth 
section north of the mouth of Queniult River the sandstones and 
shales are 3,000 feet in thickness while in southwestern Clallam 
County similar deposits are 1,500 feet thick. Detailed sec- 
tions in these areas are included in the discussion of each district. 
In the Grays Harbor area the basal portion of the section is 
largely composed of shale or sandy shale, while the upper part 
consists of sandstones and conglomerates. The basal beds in 
the Queniult River section are chiefly brown shaly sandstones 
while the upper beds consist of alternating belts of conglomer- 
ates and sandstones containing large fragments of carbonized 
wood. In the Quillayute area the basal beds are conglomeratic 


and the upper strata more sandy or shaly. 


Fauna 

In the Grays Harbor area there is very little variation in 
the general character of the fauna from the base to the top of 
the formation. The basal beds were deposited in somewhat 
deeper water and contain some species which are absent from the 
shallow water deposits near the top. The deposits outcropping 
north of the mouth of Queniult River may be slightly younger 
than those to the south in southern Grays Harbor County. The 
same may be said for the beds at the junction of Soleduck and 
Bogachiel rivers in southwestern Clallam County. 

The term Yoldia strigata Zone is applied to the faunas oc- 


curring within the upper Miocene beds of the Grays Harbor 
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region. In other words but one faunal horizon is recognized 
within the Montesano formation. The following species are most 
common to this zone: Arca trilineata Conrad, Cardiuwm meek- 
ianum Gabb, Macoma astori Dall, Mulinia alta Weaver, Mulinea 
undulifera (Weaver), Pecten coosensis Schumard, Solen sicar- 
ius Gould, Yoldia strigata Dall, Argobuccinum cammani Dall, 
Chrysodomus imperialis Dall, Phaliwm aequisulcatum Dall, 
Sinum scopulosum Conrad and Scutella gabbi Remond. All 
the species occurring in this zone are marine types. 

The following table includes a list of the species known to 
occur within the state and the different localities where they 
have been found: 
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GRAYS HARBOR AREA. 


Geographic Distribution. The upper Miocene formation in 
the Grays Harbor region lies almost entirely north of Chehalis 
River and within the drainage basin of Satsop, Wynoochee, 
Wishkah, Hoquiam and Humptulips rivers. From the Hump- 
tulips westward to the ocean all of the bedrock formations are 
covered with Pleistocene fluviatile deposits consisting of sands, 
gravels, and clays. The older Montesano formation, however, 
reappears on the Queniult Indian Reservation north of Point 
Grenville and in the vicinity of Cape Elizabeth. 

The south contact with the Oligocene is designated upon 
Plate III. Its position is only approximate and has been de- 
termined partly on a palaeontological and partly upon a lith- 
ologic basis. The eastern contact with the older Tejon basalts 
is very indefinite. The bedrock formations are in most places 
heavily covered with deposits of glacial drift. Occasionally 
small exposures of basalt or sandstone occur and it is by trac- 
ing the approximate lines between these that the contact on 
the map has been determined. 

The north contact with the Tejon basalt has been definitely 
determined at certain points as in the canyons of Wynoochee, 
Wishkah, and Humptulips rivers. Between these points its 
approximate position has been determined and located by an 
examination of the exposures in the smaller creeks. The con- 
tact presumably extends northwesterly and crosses Queniult 
River near the basalt exposures in the Burnt Hills in Section 
12, Township 22 North, Range 11 West. The western contact 
has been drawn only approximately and west of it there is no 


means of determining what the underlying formation may be. 


Character of Outcrops. The surface topography of the 
area just outlined is rolling and heavily veneered over with rusty 
colored gravels and sands. This plain has been dissected by the 
Satsop, Wynoochee, Wishkah and Humptulips rivers. Along 
the banks of these streams the bed rock is in many places ex- 
posed. The smaller creeks sometimes cut into bed rock but 


gravels. The 


more often only into the fluviatile sands and g 
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original pre-Pleistocene surface topography was undulating. 
The deeper depressions were filled with thicker accumulations 
of Pleistocene gravels and sands. Where the present rivers 
cut across these areas, as a rule, bed rock has not as yet been 
intersected. Where the rivers haye cut down into the older 
formations, high bluffs are sometimes present. Occasionally 
the rivers flow in deep gorges as in the upper part of the Wy- 
noochee Valley. This is especially true farther north in the ba- 
saltic areas. 

Steeper bluffs are situated along the south side of Chehalis 
River and excellent exposures of the formation may be seen in 
the railway cuts and excavations. In Township 18, North, 
Ranges 7 and 6 West, very little overburden of gravel and sand 
is present. The typical coarse sandstones of the Montesano 
formations are well exhibited. A large part of the area has 
been logged off and numerous rock cuts have been made. This 
is also true where the smaller streams emptying into Satsop 
River have cut down into bed rock. Almost continuous out- 
crops may be seen in the logging railroad cuts along Sylvia 
Creek north of Montesano. These exposures rapidly pass into 
soil after having been exposed for some time. On the west and 
middle branches of Wishkah River, good outcrops occur in the 
banks of the streams from the basalt contact on the north south- 
ward to Grand Forks. Often these appear only a few feet above 
the bed of the streams and sometimes are separated by gravel 
areas so that the Montesano formation does not appear at all. 
Similar exposures occur on Humptulips River from the basalt 
contact in Section 35, Township 21 North, Range 9 West, west- 
erly to the junction with the west branch of the same river. 
From that point to Humptulips City the area through which 
the Humptulips flows is flat and gravel-covered and no bedrock 
bluffs occur. One mile south of Humptulips City rock exposures 
reappear but from that point to its mouth they are deeply cov- 
ered with gravels and sands of Pleistocene age. 

Beginning at a point three miles east of Aberdeen the Monte- 
sano formation outcrops almost continuously to Hoquiam and 
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beyond for some distance. Both the Wishkah and Hoquiam 
rivers have cut through it. About three miles north of this belt 
the country merges into an undulating flat-topped plain heavily 
covered with gravel. Very few bedrock exposures occur in this 
region. On the south side of Chehalis River from Cospomolis to 
West Aberdeen and for three miles south, the massive sand- 
stones of the Montesano formation are conspicuous. Farther 
south the country is heavily timbered and covered with gravel 
and sand. 

Lithology. The upper Miocene deposits of Washington are 
largely composed of materials deposited under conditions rang- 
ing from shallow water to that of moderate depth. Coarse 
grained brownish gray sandstones prevail. Often these become 
gritty and locally pass into a fine conglomerate. Cross-bedding 
is characteristic of the series. The shales, when present, are 
generally bedded and often contain intercalated layers of sand- 
stone. Occasionally hard nodules are developed in the shales. 
The shales are fine-grained and of a bluish gray color. Typical 
examples of the sandstones may be seen in the street cuts of 
Hoquiam and Aberdeen, on Sylvia Creek back of Montesano 
and on Vance Creek between Satsop and Elma. The shales 
which are most prominent in the lower portion of the series are 
best developed on the upper courses of Wishkah River. They 
also occur on the Humptulips River above the junction of the 
west and east forks, on the latter. 

Geologic Structure. The prevailing structure which the 
strata of the Montesano formation assume in this area consists, 
im common with that south of Grays Harbor, of a series of 
northwest to southeast anticlinal and synclinal folds. 

Detailed traverses were run along the Humptulips, Wish- 
kah and Wynoochee rivers. The strata were measured and the 
strikes and dips recorded. The positions of the anticlinal and 
synclinal axes have been designated upon Plate III. 

At Humptulips City in Section 7, Township 20 North, Range 
10 West, an anticline crosses the river, trending North 60° 
West. On the north limb the shales are dipping at angles 
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ranging from 60° to 78° to the northeast. On the south limb 
the dip is 35° to the southwest. How far this anticline extends 
to the northwest or southeast cannot at present be determined 
as all bedrock exposures are obscured by the overburden of 
Pleistocene gravels and sands. 

In Sections 1, 2, and 3 of the same township and range an 
anticline trends nearly parallel to the river for two miles and 
bears off to the southeast. Observations show it to cut from one 
bend of the river to another. Rock exposures are almost con- 
tinuous and observations taken on the north limb of the anti- 
cline show it to dip from 42° to 82° to the north and northeast. 
On the south limb the dip varies from 35° to 85° to the south- 
east. On both flanks the dip varies from point to point along 
the trend of the anticline. About half way between the two 
anticlines just described a synclinal trough is assumed to exist. 
No exposures are present in this region and its exact position 
and extent cannot be determined. 

In Section 20, Township 20 North, Range 8 West an anti- 
cline crosses Wishkah River, trending North 70° West. The 
north flank is pitching to the northeast at an angle ranging 
from 30° to 60°. The south limb dips 54° to the southwest 
towards the axis of a parallel syncline passing through the ex- 
treme northeast corner of Section $1, same township and range. 
South from this synclinal axis for a distance of three miles, the 
strata are dipping to the northeast at angles ranging from iy 
to 14°. In Section 12, Township 19 North, Range 9 West an 
anticline again crosses Wishkah River trending in the same di- 
rection. South from it the gravels and sands become thicker 
and deeper and bed rock exposures in the river banks are not 
so common. 

The southeastern extension of the last anticline described, 
crosses Wynoochee River in Section 28, Township 19 North, 
Range 8 West. The intervening area between the W ynoochee 
and Wishkah rivers is largely devoid of bed rock outcrops so 
that the underlying structure cannot be definitely determined. 


To the east of Wynoochee River the outwash from the Puget 
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Sound glacial field covers the region so thickly that no attempt 
has been made to work out definite structure. In Township 18 
North, Range 7 West, exposures are fairly abundant and the 
strata are dipping at low angles ranging from 5° to 15° to 
the north. On the east fork of Satsop River in Section 5, Town- 
ship 18 North, Range 5 West, the strike is North 75° West 
and the dip 20° southwest. It is possible that a shallow syn- 
clinal trough trends northwest to southeast between these two 
localities. 

Stratigraphy. The following stratigraphic section has been 
measured from exposures occurring along the middle fork of 
Wishkah river. The base of this section lies in Section 14, 
Township 19 North, Range 9 West. 


WISHKAH RIVER TRAVERSE. 
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To the northwest in the lower valley of Queniult River the 
upper Miocene strata have been folded into a shallow synclinal 
trough which pitches inland in a northeasterly direction. Minor 
folds exist on the flanks of this syncline. In Section 12, Town- 
ship 21 North, Range 13 West, a small local syncline and anti- 
cline have been formed whose axes trend northeast and south- 
west. In Section 34, Township 22 North, Range 13 West, 
a small fold in the nature of a monocline passes from the 
shore south of Cape Elizabeth in a northeasterly direction. <A 


fault exists trending from a point on the coast about one mile 
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north of the Cape southeasterly to the big bend in Queniult 
River in the southeast quarter of Section 6, Township 21 North, 
Range 12 West. A block of the Hoh formation lies on the 
eastern side of the fault plane in contact with the upper Mio- 
cene strata. East of the Hoh fault block the Miocene gravels 
and sandstones again appear. The eastern portion of the 
Queniult Indian reservation affords no opportunities for de- 
termining the structural conditions of the upper Miocene strata. 

Near the mouth of Queniult River the upper Miocene strata 
are well exposed. From a point about one mile north of Cape 
Elizabeth south to the mouth of the river a detailed strati- 
graphic section has been measured. The top of this section 
is located along the shore north of the mouth of the river and 
the base at the fault contact north of Cape Elizabeth. (Plates 


XXXVI, XXVII, XXVIII and X XIX.) 


DETAILED CROSS SECTION, UPPER MIOCENE, AT CAPE ELIZABETH. 
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QUILLAYUTE AREA. 


Geographic Distribution. Upper Miocene strata outcrop 
at several localities in the vicinity of the junction of the Boga- 
chiel and Soleduck rivers in southwestern Clallam County in the 
central portion of Township 28 North, Range 14 West. The 
exact contact boundaries can be only approximately determined 
as the outcrops are few in number. The greater part of the 
country is covered with soil and undergrowth. It is probable 
that only one area exists and its approximate contacts have been 
indicated by broken lines on Map A, Plate IY. 

Character of Outcrops. The surface outcrops are confined 
chiefly to low bluffs on the banks of Bogachiel and Soleduck 
rivers. On the Soleduck River in Section 16, Township 28 
North, Range 14 West, outcrops of sandy shale and shaly sand- 
stone occur which in places are fossiliferous. These exposures 
are located on the left bank of the stream in cliffs about twelve 
fect in height and extend for a distance of 500 feet. They are 
covered unconformably with river gravels and boulders. A num- 
ber of similar exposures outcrop on Bogachiel River in Sections 
27, 28 and 29, same township and range. They occur in the 
form of low bluffs along the banks of the river and contain 
marine fossil molluscan remains. 

Lithology. The upper Miocene strata in this region are 
entirely of sedimentary origin and were’ deposited in a marine 
embayment. "They consist of sandstones, shaly sandstones and 
sandy shales. The sandstone is very compact, medium grained 
and when unweathered of light gray color. It is hard and re- 
sistant to weathering. The shales are of a brownish gray color, 
somewhat massive and weather in angular fragments. They are 
not hard, but rather tough. Occasional gravelly or gritty lay- 
ers or lenses are interbedded. The thickness has not been 
exactly determined but approximates at least 1,500 feet. 

The strata assume very low dips so that wherever exposures 
may be seen along the river banks not over ten or twelve feet of 
a section can be measured at any one place. The materials do 
not vary in the section at any particular locality, consequently 


no detailed sections of the formation have been made. 
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Geologic Structure. The upper Miocene as represented in 
this region rests unconformably upon the Hoh formation. Ob- 
servations taken upon outcrops along Bogachiel River show the 
prevailing strike to be approximately North 70° West and the 
dip 10° to 15° to the northeast. Observations taken on Sole- 
duck River indicate a similar strike with a very low dip to the 
south. Apparently these strata have been folded so as to con- 
stitute a shallow syncline with an axis trending a little north 
of west. The area now exposed presumably represents only the 
residual of a formerly much more extensive deposit. It is possi- 
ble that small patches may exist farther to the north which so 
far have escaped detection. The country is low and flat and 
outcrops are few. 

These sediments were deposited in a basin or inlet from the 
ocean which was developed at some time after the middle Mio- 
cene mountain making movements had taken place. The seas 
apparently were not deep at any time so only shallow water 
species of molluses are found. The climate as interpreted by the 
types of life present was colder than during the lower Miocene. 
It was probably very similar to that of the present time. 

Fauna. The fauna consists of 20 species of Peleeypods and 
Gasterpods. Nearly all of these were collected from locality 
numbers 111, 112, 1138, 114 and 115. The largest collection 
came from the bluffs on the south side of Bogachiel River in 
Section 28, Township 28 North, Range 14 West, where a small 
ereek enters the river from the south. Along this bluff is the 
old abandoned channel of Maxwell Creek. The exposures for 
some distance up Maxfield Creek are not a part of the upper 
Miocene but rather of the Hoh formation. The following fauna 
were collected from this locality. 


PELECYPODA GASTEROPODA 
Cardium meeckianum Gabb Buccinium bogachielli Reagan 
Chione securis Shum Chrysodomus giganticus Reagan 
Phacoides acutilineatus Conrad Chrysodomus imperialis Dall 
Yoldia strigata Dall Bulima washingtoniana Reagan 
Nucula e. f. conradi Meek Bulima smithi Reagan 
Spisula albaria Conrad Natica clausa B and § 
Mactra coalingensis Arnold Ranella marshalli Reagan 
Arca trilineata Conrad Polynices lewisii 
Spisula catiliformis Conrad Olivella pedroana Conrad 


Polynices galianoi Dall 
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Figure A.—Upper Miocene Sandstones Looking South From Cape 
Elizabeth Toward Queniult River. 





Figure B.—Upper Miocene Shale Looking North From Point Gren- 
ville Towards Queniult River. 
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Of these the most common species are Spisula albaria, Spisula 
catiliformis, Chrysodomus imperalis, Chione securis, Chione 
meekianum and Yoldia strigata. 


SNOQUALMID GRANODIORI'TD. 

Outcrops of granodiorite are exposed at the surface at many 
points in the western foothills of the Cascades. They were in 
part formed at or near the close of the Jurassic period and in 
part during the later portion of the Miocene epoch. The former 
have been described as the Index eranodiorites. The latter are 
exposed in eastern King County in the valley of Snoqualmie 
River. The hills between the north and south forks of Sno- 
qualmie River are largely composed of granodiorites which are 
intrusive into a series of quartzites and schists of presumable 
early Mesozoic age. Similar rocks exist to the south of the 
south fork of Snoqualmie River as far as the crest of the divide 
with Cedar River. Along the wall of Cedar River Valley the 
granodiorites are capped by flows of andesite and deposits of 
tuff of enormous thickness. Exposures of granodiorite occur 
almost continuously from North Bend easterly to the crest of 
the Cascade Mountains. Near the headwaters of Snoqualmie 
and Cedar rivers the granodiorites have been studied and map- 
ped by the U. S. Geological Survey and are designated in the 
Snoqualmie Folio as the Snoqualmie eranodiorite.* They are 
believed to be of late Miocene age. On the basis of studies made 
in that region and on the fact that areal exposures of the same 
formation can be traced continuously from the border of the 
Snoqualmie Folio westerly to the junction of the south and 
middle forks of Snoqualmie River, the granodiorites of this 
region are regarded as of upper Miocene age and a part of the 
Snoqualmie granodiorite. 

A field examination of the granodiorite shows a considerable 
variation in texture and mineral composition. Basic secretions 
of badly altered hornblende and biotite are common. Aplitic 


intrusions are characteristic near the contact of the bathylith 





* Smith, G. O. and Calkins, F. C,, Snoqualmie Folio, U. S. Geological Survey, 
No. 139. 1906. 


232 Bulletin No. 13, Washington Geological Survey 





with the overlying schists and quartzites. Away from the con- 
tact the rock possesses a somewhat uniform character. It is 
medium grained and composed of biotite and hornblende with 
plagioclase and minor amounts of quartz. Under the microscope 
the rock is seen to be largely composed of plagioclase of the 
oligoclase variety and biotite. Orthoclase is present in subor- 
dinate amounts. Quartz is clear and glassy and forms on the 
average about 10% of the total content of the rock. Green 
hornblende is fairly abundant but subordinate in amount to bio- 
tite. Small prisms of apatite and occasional crystals of tita- 
nite are often present. Except when unduly exposed to weather- 


ing the rock as a whole is comparatively fresh. 


ENUMCLAW VOLCANIC SERIES. 
Geographic Distribution. 

In eastern Snohomish, King and Pierce counties there are 
extensive accumulations of lava and tuff resting unconformably 
upon older quartzites, schists and granodiorites, as well as the 
Eocene and Oligocene sedimentary formations of the eastern 
portion of the Puget Sound Basin. They account in part for 
the somewhat steep escarpments along the western foothills of 
the Cascade Mountains. In King County the estuarine Eocene 
deposits outcrop in nearly all the river and creek canyons as 
far east as the western escarpment of the Cascades where they 
disappear beneath the lavas and tuffs. This contact extends 
from Fall City southerly along Raging River to Barneston and 
thence along the Northern Pacific Railway to Enumclaw and 
Carbon River. Residual patches of lava occur in many places 
to the west of the contact. The northern boundary of this vol- 
canie area extends from the town of Snoqualmie southeasterly 
along the east wall of Snoqualmie Valley to the foot of Rattle- 
snake Ledge near the town of Cedar “alls and thence up the 
northern side of Cedar River Valley. Similar lavas are exposed 
on the south side of Skykomish Valley in Snohomish County as 
far as the eastern margin of the Puget Sound Basin. In south- 


ern Pierce and in Lewis counties the lavas are exposed to the 
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southwest and are sometimes difficult to separate from the Eo- 
cene volcanic flows especially in those areas where glacial de- 
posits are extensive. 


Lithology. 


Rock exposures are often exhibited in the rugged and steep 
cliffs along the canyons of the rivers and creeks flowing westerly 
through the Cascades. The basal portion of the formation may 
be seen in the small creeks one mile south of North Bend. Gran- 
odiorites and quartzites form the outcrops up to elevations of 
approximately 800 fect. Above the granodiorites are flows of 
badly altered basic andesite. The lower flows are somewhat 
porphyritic although the crystals are usually small. A mi- 
croscopic examination of the fresher material shows the pres- 
ence of basic labradorite together with augite and minor 
amounts of hornblende. The higher flows exposed in the ridge 
occur on the top of Rattlesnake Ledge and are pitching to the 
southwest at an angle of 80°. They range in character from 
a vesicular rock to a massive agglomerate. The several phases 
are interbedded as bands of varying thickness. Excellent out- 
erops of the lavas may be observed in the canyon of Cedar 
River below Cedar Lake. They are also pitching to the south- 
west and Cedar River has cut down diagonally across the strike. 
At the site of the new Cedar River dam excavations have been 
made and the detailed character of the rocks may be studied. 
The rocks as exposed consist of fine grained andesites inter- 
calated with distinctly bedded fine grained bluish gray volcanic 
ash. ‘The ash bands vary in coarseness of grain and often con- 
tain small pieces of pumice. Thick bands of tuff ‘are present 
which contain angular fragments of pumice, vesicular lava, fine 
grained, dense glassy andesite together with fragments of car- 
bonized wood. In the bedded tuffs or clays fossil leaves are in 
places abundant. In the vicinity of Enumclaw the lavas are in 
the nature of acidic basalts. They occur intercalated with light 
colored tuffs which are resting nearly horizontal and possess a 
thickness of at least 1,000 feet. 
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Detailed examinations were not undertaken on the western 
slopes of the Cascades but from such observations as were made 
along the canyons of White and Green rivers the lavas and tuffs 
occur as gentle folds all of which are trending northwest and 
southeast. Along the western margin of the lava escarpment 
there is some evidence of complex and repeated faulting parallel 
to the contact. The differential resistance to erosion of the 
lavas as compared with the softer Eocene sedimentaries is in 
part responsible for the abrupt and somewhat linear termina- 
tion of the western border of the foothills of the Cascades. 


On the south side of the ridge extending from North Bend 
to Newcastle numerous intrusive dikes occur cutting the Eocene 
sedimentaries. This is especially true between Raging River 
and Issaquah Creek. It is possible that these dikes may have 
been feeders to lava flows in that region which have since been 
removed by erosion. The area is thickly covered with deposits 
of glacial drift and it may be that residuals of lava are present 
which have not as yet been observed because of the drift. 


Correlation. 


The contact between the lava series and the underlying 
eranodiorites in Snoqualmie Valley is one of unconformity rather 
than intrusion. The same condition exists with respect to the 
Eocene sedimentaries and the lavas at Durham, Kanaskat and 
Enumclaw. The lava series as exposed at the above localities 
when traced easterly, directly connects with the Keechelus vol- 
‘anie series, as exposed along the Cascade divide in the Sno- 
qualmie Folio. The lavas as mapped in this folio have been de- 
scribed by Dr. G. O. Smith as of upper Miocene age and were 
regarded by him as older than the Snoqualmie granodiorite. 
The granodiorite is described as being intrusive into at least a 
part of the Keechelus formation. 

The lavas referred to in this report as occurring along the 
western border of the Cascade Mountains are described as the 
Enumclaw voleanic series. It is possible that they may be in 


part the equivalent of the Keechelus formation. The granodior- 
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ites south of North Bend are not intrusive into the Enumclaw 
voleanics but the lavas as exposed there may be the equivalent 
of the upper portion of the Keechelus formation as exposed near 
the summit of the Cascades. There does not seem to be any evi- 
dence at present to warrant a direct correlation of the Enum- 
claw volcanic series with the Keechelus formation although they 
are probably in part equivalent. 


CHAPTER VI. 
PLEISTOCENE FORMATIONS. 
GENERAL STATEMENT. 


oD 
Washington. They consist of glacial drift, fossiliferous marine 


Deposits of Pleistocene age are well developed in western 


sands, clays and gravels, old stream gravels and sands, recent 
stream alluvial deposits, and sand-bar and tidal flat deposits. 
For purposes of mapping, as well as discussion, these deposits 
have been divided into two broad groups, namely, glacial mo- 


rainic deposits and terrace deposits. 


GLACIAL DEPOSITS. 
GENERAL STATEMENT. 

In this report no attempt has been made to study in detail 
the glacial deposits of western Washington except in a general 
way to note their distribution. Careful attention has been given 
to the glacial question by Bailey Willis* and J. H. Bretz**. 
The generalization here set forth is largely a summary of their 
work. 

On the geologic map accompanying this report glacial de- 
posits have been mapped only when it was impossible to deter- 
mine the probable nature of the underlying formations. (Plates 
II, U1 and IV.) The contact lines as drawn to limit the bound- 
aries of the drift in reality represent the boundaries between 
those areas which are covered with drift where the underlying 
bedrock is unknown and those drift covered areas where the 


underlying formations are known. 


GHOGRAPHIC DISTRIBUTION. 
Deposits of glacial origin occupy a large part of the Puget 
Sound Basin, the north and south borders of the Olympic Penin- 


sula and the north portion of the Grays Harbor region. QOut- 


* Tacoma Folio No. 54, U. S. Geological Survey 1896. 
** Bulletin No. 8, Washington Geological Survey, 1913. 
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wash gravels which are to be regarded as of glacial origin ex- 
tend into Grays Harbor, Thurston and Lewis counties. Local 
moraini¢c deposits may be found in the San Juan Islands and in 
the foothills of the Cascade Mountains. Deposits formed by 
alpine glaciation are common in the higher elevations of both 
the Cascade and Olympic mountains. Small alpine glaciers are 
in existence today in both of these mountain ranges at the head- 
waters of the larger stream valleys and on the slopes of the 
higher mountain peaks. 

CHARACTER OF PLEISTOCENE GLACIATION IN WESTERN WASHINGTON. 

Early in the Pleistocene the Cascade Mountains had been 
elevated into their present position. The Juan de Fuca trough 
had been brought to sea level or possibly below. A series of deep 
channels having a north-south direction, had been developed in 
the Puget Sound downfold. Possibly these stream valleys may 
have been depressed sufficiently to allow the marine waters to 
enter, although we have no direct evidence that such was the 
case. The climate had been gradually growing colder during 
the Tertiary. Precipitation probably increased. Abnormal 
precipitation in the form of snow allowed great snow fields to 
accumulate both in the Cascade Mountains and in British Col- 
umbia. These ice streams increased in size and flowed down 
the early Pleistocene stream valleys and coalesced in the great 
Puget Sound-Strait of Georgia plain into which they emptied. 
Ultimately this great plain or basin was filled so as to consti- 
tute one great field of ice. Later the ice retreated and left be- 
hind various types of glacial deposits brought down from the 
mountains by the glaciers. These deposits have been designated 
as the Admiralty till. .The time interval during which the Ad- 
miralty glacier occupied the Sound region has been termed the 
Admiralty epoch. 

At the close of the Admiralty Epoch the great ice sheet be- 
gan to retreat. It finally disappeared leaving the entire Puget 
Sound region covered with detritus. During this time the region 
was being elevated, perhaps to 1,000 fect. Stream erosion be- 
came active and great valleys were cut down into the deposits 
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Ficure A.—Upper Miocene Formations as Exposed Along Beach 
North of Cape Elizabeth. 





Fieure B.—Point Grenville, Showing Eocene Basalts on Beach at Low Tide. 
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of the Admiralty glaciation. The time interval involved in the 
retreat of the ice, in uplift and extensive erosion and agerada- 
tion is known as the Puyallup interglacial epoch. All of the 
main stream channels formed during this time are thought to 
have had a predominant north-south trend. 

Towards the close of the Puyallup Epoch conditions again 
allowed the development of great ice streams in the valleys of 
British Columbia and the Cascade Mountains of Washington. 
They advanced and the Puget Sound basin was again filled with 
ice. The margins of this great ice field even crowded up into 
the stream valleys issuing from the Olympic Mountains. To 
the south the margin of the ice advanced to the already sub- 
dued core of the Black Hills upwarp. Two great lobes were 
developed. One of these passed to the south and east of the 
Black Hills and the other swung around to the west through a 
low gap extending towards Matlock. Beyond the limits of the 
terminal moraine at the front margin of the glacier there are 
spread out great outwash gravel plains. These extend from 
Mason County westerly to Grays Harbor and from the eastern 
lobe over the plains of Thurston County into northern Lewis 
County at Centralia. During this maximum advance of the ice 
the front margin of the glacier oscillated back and forth so as 
locally to allow the morainic material to over-ride the outwash 
gravels. 

This field of ice is considered to have extended as a solid 
mass from the Cascades to the Olympics. As it began to re- 
treat by the melting away of the front margin, a great pond of 
water accumulated which could not escape to the north because 
of the ice wall, nor to the south because of the rock and morainic 
barriers. In places streams were able to spill over the front re- 
taining wall and cut out drainage channels, but not sufficiently 
to drain the lake. As the ice field gradually retreated to the 
north the lake became larger. It was bordered on the west by 
the Olympics, on the east by the Cascades, on the north by the 
ice front and on the south by the rock ridge. As the lake in- 
creased in size, streams from the Olympics and Cascades began 
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to drain into it. Great deltas were developed on its margin. 
These gradually extended out into the lake. The sediments laid 
down were characterized by cross-bedding. Ultimately the ice 
retreated sufficiently to the north to allow the waters of the lake 
to drain to the ocean through the Strait of Juan de Fuca. The 
Strait of Juan de Fuca had itself been filled with ice during the 
maximum extent of glaciation. The present topographic fea- 
tures of the Sound owe their origin largely to the conditions 
which prevailed during Pleistocene glaciation. The time inter- 
val during which this last ice field advanced and retreated has 
been termed the Vashon glacial epoch. 

It is thought that the Puget Sound basin had been lowered 
from its former elevated position to nearly its present elevation 
during the time of maximum Vashon glaciation. After the ice 
had entirely retreated the region is believed to have been sub- 
merged 250 feet more. Later it was again re-elevated to ap- 
proximately its present position. The evidence for this is the 
occurence of elevated beaches containing marine shelis. 

The latest diastrophic movement consisted of a slight eleva- 
tion of perhaps twenty feet above sea level so as to produce 
rock cut terraces and deposits of marine molluscan remains as 
may be seen at the entrance to the Bremerton Navy Yard and 
at Alki Point in Seattle. These marine deposits will be dis- 
cussed under the marine phase of Terrace Deposits which is to 
follow. 

TERRACE DEPOSITS. 


‘GENERAL STATEMENT. 


Under the general term, terrace deposits, for purposes of 
convenience in mapping, are included all deposits of Pleisto- 
cene age excepting those of definite glacial origin. More im- 
portant among these are old fluviatile deposits of Pleistocene 
age, recent alluvial deposits, products of rock decay which are 
still in place, sand dunes, marine beach deposits, and tidal flat 


muds. ‘These will be described in the order just referred to. 


cm 
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FLUVIATILE DEPOSITS. 

Under fluviatile deposits are included the sands, gravels and 
clays deposited by Pleistocene river channels at a time when the 
surface of the western portion of the state was much lower than 
at the present time. These deposits vary much in thickness as 
well as in character. They form extensive accumulations along 
the west and south margins of the Olympic peninsula, along the 
shores of Willapa and Shoalwater bays, in the Cowlitz Basin 
and in the counties bordering Columbia River. They record 
the shifting and meandering of numerous streams. After their 
deposition the entire western portion of Washington appears 
to have been uplifted and the present streams have carved their 
channels down through this earlier river wash and in places 
have cut into the underlying older Tertiary bedrock formations. 

Along the western slope of the Olympic Mountins there is 
an uplifted plain extending from Cape Flattery southward to 
Grays Harbor. This belt averages twenty miles in width and 
extends up into the western foothills of the Olympic Mountains. 
On the west it is terminated by the ocean. Lithologically these 
deposits consist of gravels, sands, and clays. The gravels are 
composed of pebbles, largely of quartzite origin and ranging 
from one inch to over one foot in diameter. They generally 
show slight evidences of stratification. The sands, which are 
very slightly consolidated, are commonly characterized by 
cross-bedding and often pass into coarse grits. The clays are 
commonly massive and of a bluish gray color. The sands are 
nearly always stained a yellowish red. Typical examples of 
these deposits may be seen in the cliffs along the ocean shore 
line, as well as in the banks along the river channels which 
empty into the ocean. This uplifted plain at one time extended 
much farther out to sea than at present and is rapidly being 
cut into by the ocean waves. The gravel deposits sometimes 
constitute the ocean bluffs down to and below the level of the 
beach. In other places the basal contact gradually rises above 
sea level, as the older bedrock formations come into view. The 


probabilities are that if all of these deposits should be removed 
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from this particular region under consideration the pre-Pleisto- 
cene surface would exist largely below sea level, leaving numer- 
ous rock islands off a shore approximately twenty miles east 
of the present shore line. 

Nearly all of the area involved in the Queniult Indian Reser- 
vation and that part of Grays Harbor County west of Hump- 
tulips River south of Grays Harbor is composed of these ma- 
terials. Their base is almost entirely below sea level. These 
same deposits extend easterly from Grays Harbor and veneer 
over much of the area in the valleys of Wishkah and Wynoochee 
rivers. In eastern Grays Harbor and Mason counties they are 
replaced by gravels and. sands of direct glacial origin. 

Along the shores of Willapa and Shoalwater bays there are 
cliffs ranging from 50 to 300 feet in elevation above sea level, 
composed of soft incoherent yellowish brown sands, gravels, 
and clays. ‘They are especially prominent in the vicinity of 
Bay Center, Nemah River and Long Island. Similar deposits 
veneer over a large part of the wooded country in the low areas 
of Pacific County. On the north bank of Columbia River at the 
town of Ilwaco, horizontal beds of these deposits may be seen 
resting unconformably upon the upturned strata of the lower 
Miocene. Deposits of the same nature rest upon the Eocene 
lavas and sandstones in the vicinity of Grays Bay and eastward 
into Wahkiakum County. 

In the Cowlitz Basin, these deposits occur as terraces along 
the streams entering Cowlitz River. They generally assume a 
horizontal position. Excellent exposures may be seen immedi- 
ately south of Castle Rock and along the river and railway 
cuts northward from that point towards Olequa. Wherever 
the pre-Pleistocene topography was composed largely of ba- 
saltic rocks, angular fragments of such material enter into 
the composition of the Pleistocene deposits. In the railroad 
cuts between Castle Rock and Little Falls, numerous instances 
of this kind occur. These have been described as Pleistocene 
lava flows.* Upon examination, however, this lava is found to 


occur in irregular shaped blocks mixed with sands and river 





* Proceedings American Philosophical Society, Volume LII, No. 212, 1913. 
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gravels, showing conclusively that they have been derived from 
old rock masses of Eocene age which have been rapidly torn 
down by weathering and incorporated within the Pleistocene 
detrital material. 

On the slopes of the higher ridges south of Chehalis River, 
thin layers of yellowish brown sandy clays are found spread 
over the surface. These are in-part of the same origin as the 
deposits previously mentioned and in part due to extensive long 
continued rock decay. In these instances the products of rock 
decay do not appear to have been transported any considei able 
distance from their original place of formation. 

In those areas where basaltic lavas constitute the larger 
part of the bedrock formations this type of weathering is espe- 
cially prevalent and attains a thickness of over 50 feet. Wher- 
ever suitable exposures have been made, it is found to grade 
downwards into partially decayed basalt and ultimately into 
the fresh material. These Pleistocene fluvial deposits which 
have been uplifted above sea level assume a thickness of at least 
400 feet and ‘grade from that downwards to a thin veneer. 


MARINE PLEISTOCENE DEPOSITS. 


Around the shores of Puget Sound there are numerous 
raised beaches elevated from fifteen to eighteen feet above sea 
level. Scattered over the surface of these beaches and embedded 
in the sands and gravels composing them are the fossil remains 
of marine molluscs consisting of species very similar to those 
now living. The Pleistocene marine gravels and sands rest un- 
conformably upon the upturned edges of the older pre-Pleisto- 
cene bedrock formations. In places they also lie upon the 
glacial deposits formed during the last glacial retreat. 

Excellent examples of these deposits may be seen around 
the shores of Restoration Point and on the south side of the 
entrance to the Bremerton Navy Yard. Similar occurrences 
exist at Alki Point in Seattle and in places as far north as the 
San Juan Islands. Deposits which are probably to be corre- 
lated with these occur on Vancouver Island. Those on the 
Saanich Peninsula north of Victoria have been described as the 


Saanich formation. 
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RECENT ALLUVIAL DEPOSITS. 

In the river valleys unconformably overlying all of the older 
pre-glacial as well as glacial formations there are deposits of 
alluvial material which are being deposited at the present time 
by streams during stages of high water. These materials con- 
sist of silts, sands and gravels sometimes intricately mixed but 
more often somewhat stratified. Examples of these may be seen 
in the Snoqualmie, Duwamish, Chehalis and Cowlitz valleys. 
Similar deposits on a smaller scale are forming along the courses 
of practically all the streams within the state. ‘These deposits 
‘ary in thickness and attain a depth of over 100 feet within the 
larger valleys. In some places bedrock islands project upwards 
through the floor of the valley alluvium. Examples of this may 
be seen in Duwamish Valley in the vicinity of South Park and 
also at Duwamish Station. Other examples which might be 
cited are the rock islands projecting upward through the 
Skagit flats. 

TIDAL FLAT DEPOSITS. 

Near the mouths of the larger rivers there are broad tidal 
flats which during high tides are covered with water but during 
periods of low tide appear as extensive mud flats. Winding 
sloughs cross these. The deposits are generally composed of a 
massive bluish gray clay. The best examples of this type are 
to be found at the south end of Shoalwater Bay, Willapa Har- 
bor, Grays Harbor, the mouth of Columbia River and in many 
of the small embayments in Puget Sound. 

SAND DUNES. 

Sand dunes are confined chiefly to the Pacific coast of Wash- 
ington and Puget Sound. They occur on the long sand spit ex- 
tending northward from the mouth of the Columbia River to the 
entrance to Willapa Harbor. Another prominent sand spit ex- 
tends from the north side of the entrance to Willapa Harbor 
northward to Grays Harbor. These spits average three miles 
in width and range up to 25 feet above sea level. They are com- 
posed chiefly of wind blown sand which in many places support 


considerable vegetation. 


CHAPTER VII. 
GEOLOGIC STRUCTURE AND HISTORY. 


GEOLOGIC STRUCTURE. 
GENERAL STATEMENT. 

Investigations carried on by. Russell, Smith and Willis in 
the central portion of the Cascade Mountains of Washington 
show that the formations of that area have been warped into 
a series of folds whose axes trend from southeast to northwest. 
One of these extends from Columbia River along the axis of the 
Wenatchee Mountains. A second trends along the Entiat 
Mountains to the summit of the Cascades. <A third lies south of 
Yakima River. All three are approximately parallel. 

A glance at the structure map of western Washington 
accompanying this report will show three prominent structural 
features which are designated as differential elongated upwarps. 
(Plate XXX.) These appear to rank in value with those de- 
scribed by Willis and Smith on the eastern side of the Cascades. 
There is a prominent downfold extending in a north and south 
direction the length of the state, nearly at right angles to the 
upwarps. This downfold is known as the Puget Sound-Cowlitz 
Valley depression which is a part of a well defined downfold ex- 
tending from the great valley of California to Queen Charlotte 
Sound. It is possible, however, that in Washington this down- 
fold may have been formed in part by north-south faulting. 

THE SKAGIT-SAN JUAN-VANCOUVER ISLAND UPWARP. 

This prominent topographical and structural feature ex- 
tends from the south side of Skagit Valley and passes out to 
the Puget Sound depression near the mouth of Skagit River. 
It extends through the San Juan Islands and thence north- 
westerly into the heart of Vancouver Island. This apparently 
is the northwesterly extension of the Entiat warp on the eastern 
flank of the Cascades. The formations invotved along this up- 
warp are of approximately the same geologic age, viz., Carbon- 


iferous and early Mesozoic. They consist of quartzites, slates, 


246 Bulletin No. 13, Washington Geological Survey 





schists, crystalline limestones and a complex series of Mesozoic 
intrusives. A pronounced sag has been developed nearly at right 
angles to the axis of this upwarp in the region of the San Juan 
Islands. This sag is a part of the Puget Sound-Cowlitz basin 
depression. On both the north and south flanks of this upwarp 
are parallel axial downfolds, one trending along the Strait of 
Georgia towards Frazier River and the other along the Strait 
of Juan de Fuca and across Puget Sound towards the lower 


valley of Snoqualmie River. 
NEWCASTLE-OLYMPIC UPWARP. 


The position of this axial upwarp extends from the summit 
of the Cascades in the vicinity of Mt. Stuart northwesterly 
through King County and on through the Newcastle Hills and 
Seattle into Kitsap County. In Kitsap County it involves the 
Bald Hills and from there extends northwesterly through the 
main axis of the Olympic Mountains, and possibly out to Cape 
Flattery. Mt. Olympus lies along this axis. In the Newcastle 
Hills the older Eocene rocks are brought to the surface and 
above it so as to form a prominent topographic feature. The 
later Miocene rocks which overlie the Eocene are absent along 
the crest of the upwarp but are well developed to the north in 
the downwarp. In the region where the transverse Puget 
Sound depression crosses this upwarp, a sag has been developed 
and only remnants of the bedrock formation project above sea 
level. They are represented by the Eocene deposits about Du- 
wamish Station, the basaltic masses in the Bald Hills of Kitsap 
County and the upturned Oligocene formations which flank 
its north border at Bremerton Inlet. The semi-metamorphosed 
sediments of the Olympic Mountains have been highly tilted 
and the strike is approximately parallel to the trend of the axis 
of the upwarp. <A pronounced downwarp lies to the north and 
parallel to the axis just described. It has been filled with Mio- 
cene sediments which in turn have been subjected to extreme 


folding. 
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BLACK HILLS UPWARP. 


The third upwarp in the western part of the state extends 
from the Cascades in Lewis County northwesterly through 
Thurston into Mason and northeastern Garys Harbor County. 
In this upwarp are involved the high mountain ridges forming 
the divide between the Cowlitz and Nisqually rivers. In Thurs- 
ton County it constitutes the low divide between Puget Sound 
and Grays Harbor. In this region it is crossed by the north- 
south Puget Sound-Cowlitz Valley depression. To the north- 
west in the Black Hills the elevations increase to over fifteen 
hundred feet. The Black Hills are composed of extensive areas 
of basalt of Eocene age. From this point the upwarp passes 
into the southern portion of the Olympic Mountains. Its rela- 
tion in the vicinity of Queniult Lake to the main Olympic axis 
has not been definitely determined. 

On the southwestern side of this upwarp in southwestern 
Washington the Eocene formations pass below sea level and are 
covered with extensive deposits of Oligocene and Miocene age. 
These have also been folded into minor anticlines and synclines 
which may be seen on the structural map. 


Two well-defined anticlinal axes trend in a northwesterly- 
southeasterly direction through Pacific County but are not to be 
regarded as of the same importance as the three just described. 

Downwarps have already been referred to in the discussion 
of the upwarps. There are four of these in western Washington. 
The most northerly lies along the north side of Vancouver Island 
and extends into Whatcom County. Between the Skagit-Van- 
couver and the Newcastle-Olympic upwarps, there is a pro- 
nounced downfold trending parallel to the Strait of Juan de 
Fuca southeasterly into Snohomish County. Between the New- 
eastle-Olympic and Black Hills upwarps there is a downfold 
whose extent has not been definitely determined. In the Puget 
Sound Basin area it is deeply filled with glacial drift deposits. 
A fourth axial downfold trends from Grays Harbor southeast- 
erly to the Cowlitz Basin. 
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ANTICLINES AND SYNCLINES. 

Upon the structural map accompanying this report have 
been platted all the important anticlinal and synclinal folds 
which could be definitely determined. These have been grouped 
into two broad divisions, viz. major and minor anticlines and 
synclines. The former includes those folds which constitute an 
important structural unit over a considerable geographical 
area. The latter are those which have been developed as minor 
folds on the flanks of or subsidiary to the major folds. One 
major anticline designated upon the map as the Newcastle anti- 
cline passes nearly east and west through central King County. 
Its actual position as nearly as can be determined is shown on 
Map B, Plate IV. Its axis swings in a sinuous fashion but still 
maintains its nearly east to west direction. 'To the north there 
is a broad synclinal basin. In the eastern portion of Puget 
Sound Basin its exact position cannot be absolutely determined. 
Its northwestern extension, however, canbe traced into Jeffer- 
son County as has been indicated upon Map C, Plate IV. A 
second major anticline trends across the Quimper Peninsula 
from Hood Head to Port Discovery Bay. From Lake Crescent 
in Clallam County a well-defined synclinal trough extends north- 
westerly and enters the Strait of Juan de Fuca. Its exact posi- 
tion in the Strait, of course, cannot be determined. The Van- 
couver Island shore is skirted with lower’ Miocene strata, dip- 
ping at low angles to the southwest, although they are in places 
involved in minor axial folds transverse to the main synclinal 
trough. Along the south side of the Strait, minor anticlinal 
and synclinal folds are well developed from Gettysburg to Cape 
Flattery. They represent minor wrinkles on the southwest limb 
of the synclinal trough. The Cape Flattery monocline ap- 
parently represents the true southwest limb. 

On Vancouver Island between Sooke Bay and Sherringham 
Point a shallow synclinal trough exists but it is apparently sub- 
sidiary to the main synclinal trough of the Strait. All of the 
above mentioned minor folds are involved in the downfold be- 


tween the Skagit-Vancouver and Newcastle-Olympic upwarps. 
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In the vicinity of Seattle and eastward numerous transverse 
folds have been developed on the flanks of the Newcastle anti- 
cline. In the Pierce County coal fields the anticlinal and syn- 
clinal folds are pitching to the north. In the Green River area 
in King County similar folds are pitching southward. Ap- 
parently a northwest-southeast downfold intersects them and 
trends approximately along the boundary line between King and 
Pierce counties. — 

In southwestern Washington, Eocene and Miocene deposits 
have been folded into numerous parallel anticlines and synclines 
trending North 65° West. One major anticlinal axis trends 
from the south side of Grays Harbor to the northeastern corner 
of Pacific County and along it the older Eocene basalts come 
to the surface. On the northeastern side of this fold the Mio- 
cene strata form the surface outcrops and have been folded into 
a series of parallel minor anticlines and synclines pitching 
northwesterly towards the ocean. 

Farther to the southwest a parallel major anticline trends 
from Shoalwater Bay southeasterly into Wahkiakum County. 
The core as exposed at the surface is also composed of Eocene 
basalts. Between the two major anticlines just described a 
shallow synclinal trough exists. In it only the very basal por- 
tion of the Miocene sediments are involved. To the southwest 
toward Ilwaco several smaller folds occur. The strata involved 
in them are Oligocene and they occupy a downfold. The Eocene 
basalts are again brought to the surface at Ilwaco Point. In 
the vicinity of Fort Columbia on Columbia River, basalt flows 
occur, interbedded with the lower portion of the Oligocene 
strata. These minor folds extend across Columbia River and 
may be seen as shallow folds within the town of Astoria in 
Oregon. 

On the Pacific Coast from Grays Harbor northward to Cape 
Flattery a large number of folds have been formed in the Hoh 
formation. A broad anticlinal fold extends from Forks post- 
office on the Bogachiel River southward into Jefferson County. 


Its southward extension has not been definitely determined. To 
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the west of this anticlinal fold a synclinai fold has been de- 
veloped approximately parallel to the coast line. The west- 
ern limb of this syncline has been developed into a series of 
transverse folds, having an average trend of North 30° East. 
Nearly all of these are intersected by the coast line and their 
position has been definitely determined. Their true position 
may be seen by referring to Map A, Plate IV, as well as on 
the structural map, Plate XI. The above described structure 
is terminated by the long axis extending out towards Cape 
Flattery and perhaps by an extensive fault extending from 
Point of the Arches southeasterly up Soleduck River. 


TIME OF FOLDING. 

The three main structural upwarps may have been initiated 
at the close of the Jurassic. No definitely known Cretaceous 
rocks are known in the Olympic Mountains. They do, how- 
ever, skirt the north shore of Vancouver Island and extend into 
northern Whatcom County. Apparently Vancouver Island, the 
Olympic Mountains and the northern Cascades south of the 
Skagit River were land areas during the Cretaceous. “The 
Eocene, Miocene and Pliocene formations are absent from the 
central portion of the Olympics and Vancouver Island. It 
would appear that deformational movements produced uplifts 
along these upwarps so as to bring a part of the sea floor above 
sea level. A transverse downfold along the Puget Sound-Cow- 
litz Valley depression perhaps was also initiated at this time. 
As a result of these earth making movements, it is probable 
that the embayments in which Eocene sediments accumulated, 
were formed. At least these movements must have helped to 
influence their distribution. Near the beginning of the Oligo- 
cene epoch movements of the crust in this part of the state seem 
to again have produced downfolding and upfolding along these 
same lines of folding. New basins of deposition were devel- 
oped, chiefly in the synclinal trough along the Strait of Juan 
de Fuca to King County and from Grays Harbor south to the 
Columbia River. 
































XXX Givig €T ‘ON Ni“@riog XGAUAG IVOIDOTOUH NOLONIHSVA\ 


; nee — Drake ; 
4 Vxi ree 
‘t)% 


mitic. 


ithe pp ' ' 
iss kilt na wierd 
ce 


ett: 4 OM. aplnie 





A 


The Tertiary Formations of Western Washington 251 








At the close of the Oligocene epoch the marine strata which 
had been deposited during that time were folded and uplifted 
and apparently raised high above sea level. The localities of 
greatest uplift appear to have been along the areas of the three 
upwarps as shown upon the structural map. 

Near the close of the Pliocene the Cascade Mountains were 
brought into their present position. During the elevation of 
this peneplained surface the formations were being developed 
into shallow elongated folds as indicated upon the structural 
map of western Washington. The Pliocene uplift is believed 
by the writer to have been an intensified upward movement along 
the axes of the same upwarps which had their beginning possibly 
at the close of the Jurassic. As a result of studies in the west- 
ern part of the state it seems probable that differential dia- 
strophic movements were taking place with varying intensity 
from the Cretaceous to the Pleistocene and along the same major 
lines of folding or upwarp. The times of most intense movement 
were at the close of the Jurassic, the Oligocene, the lower Mio- 
cene and near the close of the Pliocene. The present topog- 
raphy and structure probably in part owes its origin to dia- 
strophic movements initiated at or near the close of the Jurassic 
and to a continuation of those movements during the Tertiary 
in a more or less intensified form. At the close of the Pliocene 
the most important folding occurred. 

FAULTS. 

Because of the dense covering of vegetation and of Pleisto- 
cene deposits it has been impossible to determine many faults 
which undoubtedly exist. Detailed studies have been made in 
the King and Pierce county coal fields and numerous faults were 
encountered. Many of these show a displacement of only a few 
feet, while others are displaced more than 1500 feet. ‘The pre- 
vailing directions are northwest and southeast. In southwest- 
ern Washington many faults of small extent occur but are not 
of sufficient importance to be represented upon the map of a 
scale used in this report. North of Cape Elizabeth along the 


shore a fault occurs which extends southeasterly and intersects 
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Queniult River about four miles from its mouth. The upper 
Miocene strata rest against those of the older Hoh formation 
along the fault plane. 

Farther north on the coast a possible fault extends from the 
north side of Portage Head southeasterly and crosses Hoko 
River in Section 24, Township 31 North, Range 14 West. From 
that point it passes into the Olympic Mountains and has not 
been examined. <A similar fault may exist on the south side of 
Point of Arches and trends parallel to the one just mentioned, 
but the evidence is not conclusive. 

On Vancouver Island two faults occur extending nearly east 
and west. The south fault extends from Sembrio Point towards 
Victoria and separates the Eocene basalts on the south from 
the older Mesozoic metamorphics on the north. The data con- 
cerning faulting on Vancouver Island have been determined by 
Charles H. Clapp of the Canadian Geologival Survey* and to 
him should be given full credit for this information. The 
basalts which were mapped by him as the Metchosin formation 
were considered to be of early Mesozoic age but Tejon fossils 
have been found in the tuff phase at Albert Head, proving it 
to be of Eocene age. It seems best to incorporate this data as 
it has a direct bearing on the structure in Washington. 

GEOLOGIC HISTORY. 

Very little data is at hand concerning the geological history 
of western Washington during the Paleozoic, especially the 
sarlier half. In the northern Cascade Mountains, in the San 
Juan Islands and on Vancouver Island, an extensive series of 
metamorphic rocks are found which in places contain Crinoid 
remains. The species cannot be exactly determined but they 
strongly suggest a Carboniferous age. From the lithologic 
character of the materials occurring within these presumable 
Carboniferous strata, it is possible to imagine the probable 
geologic conditions which then existed. 


The larger portion of western Washington appears to have 











been part of an extensive marine area which was probably con- 


* Memoir Number 15*—Geological Survey of Canada, 1912. 
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nected with embayments which were definitely known to exist 
in Idaho, Oregon, Nevada and California. The indications on 
Vancouver Island and in the northern Cascades point to the 
occurrence of numerous islands, some of which may have been 
in the nature of volcanic cones. Volcanic activity appears to 
have taken place in this region during the Carboniferous. De- 
posits of volcanic ash as well as lavas are found interbedded 
with the Carboniferous sedimentaries. 

At present there seems to be no way of distinguishing be- 
tween the Carboniferous and Triassic formations in the western 
part of the state. Detailed studies in the future may permit 
such distinctions to be made. As far as we are able to judge 
at present the geographical and climatic conditions during the 
Triassic were very similar to those during the Carboniferous. 
Tropical conditions prevailed during both periods. 

The Cascades at this time did not exist in their present con- 
dition. The Peshastin formation in eastern Washington, the 
Gunn Peak formation in the Skykomish valley and the old 
metamorphic rocks of the Skagit valley are presumably of the 
same age and were deposited during the Carboniferous and Tri- 
assic. If this assumption be correct, the open seas occupied 
all of northwestern Washington, including the present site of 
the Cascades. In southwestern Washington and northwestern 
Oregon the upper surface of the Triassic and Carboniferous 
rocks is far below sea-level and is covered with an enormous 
thickness of later Tertiary formations. Nothing is known con- 
cerning the character of the Carboniferous and Triassic seas 
in that region. 

Very little is known concerning the Jurassic in western 
Washington. On the western slope of the Olympic mountains 
a thick series of semi-metamorphosed strata which have been 
designated as the Hoh formation are provisionally assigned to 
the Jurassic. If this assumption be correct, we may consider 
the present site of the Olympic Mountains as having been un- 


der water during Jurassic time. 
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Towards the close of the Jurassic, voleanic activity began on 
an extensive scale. Great masses of igneous materials were in- 
jected into the earth’s crust in the form of batholiths. These 
were first of basic or ultra basic composition. Following this 
came intrusions of granodiorite. This igneous activity in 
Washington was a phase of similar invasions which were com- 
mon to the entire Pacific Coast from Mexico to Alaska. In the 
Cascades these intrusives are represented by the great masses 
of peridotite and Mt. Stuart granodiorite, as well as the Index 
granodiorite. Accompanying this igneous activity or just fol- 
lowing it, important deformational movements began. 

No deposits of lower Cretaceous or Knoxville age are known 
within the state of Washington. The larger part of the state 
‘< covered with formations of a later period and it is possible 
that the lower Cretaceous may be buried beneath. In the north- 
ern part of the state the upper Cretaceous or Chico strata are 
present and represent an embayment which was developed in 
British Columbia, and extended southward into San Juan and 
Whatcom counties. This sea extended over the northeastern 
part of Vancouver Island. Submergence appears to have been 
rapid during the early part of the Chico epoch but toward the 
close the seas became shallower as attested to by the massive 
sandstones and conglomerates which constitute the upper part 
of the Chico as exposed upon Vancouver Island. 

There is no definite evidence concerning the geologic and 
geographic conditions in western Washington during the early 
part of the Eocene epoch. Presumably the entire area was 
slightly elevated above sea level. In southwestern Washington 
and in the Puget Sound Basin formations of upper Eocene age 
occur which can be correlated with the Tejon formation of 
California. 

During the upper Eocene the Cascade Mountains were not 
in existence. The Olympic Mountains were presumably a land 
area of considerable elevation and were separated from the 
mountains of Vancouver Island by a downfold which at times 


was partly submerged. Early during the ‘Tejon epoch south- 
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western Washington was invaded by an embayment from the 
ocean. ‘The shore line ultimately reached the present site of 
the foothills of the Cascades but did not connect with the fresh 
water lakes on the eastern side. An arm of this embayment 
extended into the Puget Sound Basin and even for some distance 
into the Strait of Juan de Fuca. Large estuaries existed to 
the east of the marine embayments and emptied into them. To 
the east in the central portion of the present site of the Cas- 
cade Mountains there were lakes whose shore lines were prob- 
ably not far above sea level. 

During the progress of the Tejon epoch the surface of the 
land areas as well as the floor of the embayments were under- 
gong differential upward and downward movements. The 
shore lines were advancing and retreating. Estuarine condi- 
tions were becoming marine for a time and then reverting back 
to estuarine. Tropical climates prevailed allowing the develop- 
ment of a rich invertebrate marine fauna as well as a tropical 
flora. Palms and giant ferns were growing on the low swampy 
lands bordering the estuaries and lakes. The alternate eleva- 
tions and depressions of the land caused the growth and burial 
of tropical forests which are preserved in the form of carbon- 
aceous shales and coal seams. Occasionally basic lavas were be- 
ing erupted presumably in part through fissures and possibly in 
part through small volcanic cones. Deposits of ash and flows 
of lava were formed both on the land and upon the floors of the 
embayments. In the Cascade Mountains two large lakes were 
developed. The earlier lake basin allowed the accumulation of 
the sandstones and shales which have been described as the 
Swauk formation. This lake was finally drained presumably 
through one of the estuaries in King and Pierce counties to the 
marine embayments. The deposits which had formed within it 
were slightly folded and then invaded by basaltic magmas which 
arose through numerous parallel fissures and accumulated upon 
the surface as the Teanaway basalt. Later diastrophic move- 
ments developed another drainage basin in which the sediments 
of the Roslyn formation were laid down. Later this lake was 


256 Bulletin No. 13, Washington Geological Survey 





also drained and the waters presumably found their way to the 
west into the ocean. Probably the same movements which were 
disturbing the land areas on the present site of the Cascades 
were effecting the embayments to the west. It is possible that 
the great lithologic variations in the character of the estuarine 
sediments of King and Pierce counties may have had some con- 
nection with the draining of Swauk and Roslyn lakes of the 
central Cascades. In eastern Washington volcanic activity was 
more or less prevalent during the entire Tertiary period. In 
western Washington it was almost entirely confined to the 
Eocene epoch and to the Quaternary. This statement does not 
apply to the western foothills of the Cascade Mountains. 

Aarly in the Oligocene epoch there was a more general sub- 
sidence in the western part of the state. Marine embayments 
extended slightly farther cast than during the Eocene epoch. 
The extensive estuaries which were in existence during the 
Eocene disappeared. The marine faunas underwent evolution- 
ary changes and many species characteristic of late Tertiary 
and recent time made their first appearance. During the prog- 
ress of Oligocene time the faunas were undergoing changes but 
even at the close of the epoch the most important genera showed 
tropical characteristics. During the later portion of the Oligo- 
cene epoch the marine embayments became most widely spread. 
The larger portion of the Puget Sound: Basin became an em- 
bayment and it is possible that the waters of the ocean gained 
access through the Strait of Juan de Fuca rather than through 
southwestern Washington. There may have been a land con- 
nection between the Olympic Mountains and the present site of 
the Cascades. 

During both the Eocene and Oligocene and probably the 
Cretaceous the Olympic Mountains were presumably undergo- 
ing vigorous erosion and possibly had reached a condition of 
peneplanation by the middle of the Oligocene epoch. Many of 
the higher peaks of the Olympic Range are monadnocks upon 


the surface of the peneplain. 
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At the close of the Oligocene there was a slight elevation of 
the western portion of the state which resulted in the withdrawal 
of the marine embayments over considerable areas. The Puget 
Sound Basin appears to have been entirely drained as well as 
a large portion of the eastern Juan de Fuca downfold. Smaller 
embayments still existed to the north of Columbia River in 
Pacific and Wahkiakum counties as well as in the Grays Har- 
bor region. On the whole shallow water seas prevailed and in 
these a marine fauna lived representative of a colder climate 
than during the Oligocene. At the close of the lower Miocene 
the entire Pacific Coast was effected by marked diastrophic 
movements which brought the entire western portion of Wash- 
ington above sea level. During the Oligocene and lower Mio- 
cene epochs a maximum of 18,000 feet of sediments were de- 
posited in marine embayments. At the close of the lower Mio- 
cene these deposits were folded and uplifted. 

At the opening of the upper Miocene epoch two local em- 
bayments were developed. One of these existed in southwestern 
Clallam County near the junction of the Soldue and Bogachiel 
rivers and the other was to the east and north of Grays Har- 
bor. During most of the epoch the waters in these embayments 
were shallow and contained a marine invertebrate fauna strik- 
ingly different from the Oligocene and lower Miocene faunas. 
The coarse grained and cross bedded character of the sediments 
indicate the existence of sand bars or spits somewhat similar 
to those protecting Shoalwater Bay and G ays Harbor to-day. 
By the close of the Miocene or at least early in the Pliocene 
these two areas were elevated above sea level. Apparently the 
land area of the state extended much farther seaward than at 
the present time. 

During the Pliocene epoch all of western as well as eastern 
Washington was a land area. No marine deposits are known 
to occur within the state. The present site of the Cascade 
Mountains was undergoing vigorous erosion and being reduced 
to a peneplain. The Olympic Mountains were presumably more 

———- 
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highly elevated than the Cascades but were still in a peneplain 
condition. The pre-Pleistocene topography of the Puget Sound 
Basin was being developed during this epoch. The history of 
the Pliocene in Washington is a record of diastrophism and 
erosion which at the present time is not very well known. 

At the close of the Pliocene or early in the Quaternary, 
mountain making movements were taking place throughout the 
entire Pacific Coast. The present Cascade Range of Washing- 
ton and Oregon as well as the Sierra Ne vadas of California were 
uplifted. The Olympic Mountains and the major portion of 
Vancouver Island were also elevated to an elevation of at least 
5,000 feet. During the process of uplift the peneplain surface 
of the Cascades was slightly warped into a series of northwest 
and southeast shallow folds. The more important drainage 
features of the range were partly dependent upon the positions 
of these folds. In both the Cascades and Olympics the peneplain 
surfaces were immediately attacked by erosional agencies and 
the dissection of the uplifted masses begun. In the Olympic 
Mountains such peaks as Mt. Constance, Angeles, Eleanor, the 
Brothers and Olympus are residual monadnocks upon the sur- 
face of the original peneplain. The principal river valleys of 
the range have been carved down into the uplifted peneplain 
surface of the mountains. Upon the uplifted peneplain surface 
of the Cascade Mountains volcanic cones were built up, such 
as Mts. Rainier, Baker, Adams, St. Helens and Glacier Peak. 
Voleanic peaks are entirely absent from the Olympic Moun- 
tains. The peaks in that range are composed of metamorphic 
rock which because of their resistance to erosion have been left 
as monadnocks. 

After the volcanic cones of the Cascades had been formed 
and the range had undergone vigorous erosion the greater por- 
tion of western Washington was subjected to glaciation. The 
two main advances of the ice, with the record of an interglacial 


epoch, were described in a previous chapter. 





CHAPTER VIII. 
PETROLEUM DEPOSITS. 


GENERAL STATEMENT. 


Petroleum is essentially a mixture of several organic com- 
pounds composed for the most part of hydrogen and carbon 
united in the form of hydrocarbons of variable composition. In 
association with these there are usually small amounts of oxygen, 
sulphur and nitrogen. There are various kinds of petroleum 
but they are usually grouped into three classes—the paraffin 
type, the asphaltic type and the olefine type. The paraffin types 
are the source of most of the refined petroleum. The asphaltic 
types constitute a source for fuel oil and oil asphalt. The 
olefine type is a source for both fuel and refining purposes. 
Asphaltic oils when slowly distilled yield a dark residue of 
asphaltic material which is easily soluble in acids. Paraffin oils 
when slowly heated yield on reduction a considerable amount of 
light colored solid hydrocarbons which beiong mostly to the 
paraffin series, and are not easily attacked by acids. 

Nearly all asphaltic oils as a rule contain traces of solid 
paraffin and the majority of paraffin oils contain asphaltic 
products. As a rule crude petroleums of one type do not con- 
tain undue proportions of another type. All crude petroleums 
possessing either an asphaltic or paraffin character are com- 


_ posed of a mixture of hydrocarbons of different boiling points 


and densities. The various hydrocarbons constituting such pe- 
troleums when subjected to heat are evolved whenever the tem- 
perature of their boiling points is reached. 

In most oi] bearing districts in different parts of the world, 
the members of the paraffin series of hydrocarbons form one of 
the chief constituents of petroleum. The higher members of 
this series which are usually solid are comparatively rare. 
Methane, CH,, is the lowest member of this series and occurs as 
a gas. It is present in solution in large quantities in most oils 
and also occurs as one of the chief constituents of natural gas. 
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It is a saturated hydrocarbon and upon analysis normally is 
found to contain 75 per cent. of hydrogen and 25 per cent. of 
‘arbon. In addition to oxygen and nitrogen, other organic 
constituents which may be present in the form of ash, are cal- 
cium, iron, aluminum, copper oxide, silver, arsenic and phos- 
phorous, all of which occur only in exceedingly small amounts. 

Petroleum ranges in color from a brownish black to reddish 
green and yellow and in specific gravity from .780 to 1.0. In 


a crude state it is a viscous liquid. 
SOURCE OF PETROLEUM DEPOSITS. 


Geologists are almost unanimously of the opinion that nearly 
all petroleum deposits are derived from organic sources and not 
from inorganic. Those who have advanced the inorganic theory 
of origin are largely chemists. Their ideas have been deduced 
from experimental data in the laboratory and not as a rule 
from the geological occurrences of such deposits in the field. 

It is believed that in most cases petroleum has arisen from 
the remains of animal life which formerly was in existence dur- 
ing past geological periods. In some cases plant life has acted 
as a source. Chemical examinations of living animal organ- 
isms show that they are composed largely of fatty materials, 
while plants are for the most part composed of cellulose. Cer- 
tain plants of low development in the biologic scale such as 
diatoms have fats as their chief constituent. Analyses of pe- 
troleum compounds show that the chemical substances entering 
into them are more closely related to fats than to cellulose. 

At various times experiments have been performed in the 
laboratory to bring out certain relationships between the chem- 
ical composition of petroleum as compared with that of animal 
life. In 1888, Engler distilled 490 kilograms of fish oil and 
obtained a distillate similar to petroleum. Distillation was com- 
menced at a temperature of 820° C, under a pressure of + at- 
mospheres. He obtained 60% of distillate which had a specific 
eravity of 0.8105. From the distillate a light oil indistinguish- 


able from commercial kerosene was obtained. 
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In most oil bearing districts there appears to be a more or 
less definite relationship between the presence of fossil animal 
remains and the strata containing the petroleum deposits. On 
the island of Trinidad there are extensive asphalt deposits which 
occur in asphalt lakes. The strata associated with these as- 
phalts contain vast numbers of microscopic marine organisms 
known as Foraminifera. It is possible that the soft organic 
tissues of these organisms after having undergone chemical 
changes may have been the source of the petroleum. 

In Scotland there are shales heavily charged with petroleum 
which are known as oil shales. Upon distillation they yield 
considerable amounts of liquid petroleum. Associated with 
these shales are large quantities of fossil fish remains. There 
may have been a genctic relationship between the petroleum 
and the original soft organic fats of the fish. 

In the Mississippi Basin and in the Appalachian states 
there are extensive belts of limestone of Palacozoic age which 
were in part formed from the hard calcareous remains of ma- 
rine animal life. These organisms originally contained soft 
organic tissues. The oil and gas deposits of these areas are 
associated with the limestones or the overlying or underlying 
sandstones or shales. There may be a relationship between the 
petroleum and the original organic life of those regions. In 
Mexico similar relations exist between the Cretaceous limestones 
and the deposits of oil. 

The soft organic fats from fossil microscopic marine diatoms 
may have been the source of the petroleum in the oil fields of 
southern California. During the lower Miocene a portion of 
the Coast Ranges of California was an arm or embayment of 
the ocean. Within this embayment there swarmed uncountable 
numbers of diatoms. During the existence of this sea environ- 
mental conditions appear to have been favorable for the con- 
tinuous development of these forms of life. As a result a for- 
mation was built up consisting in part of deposits largely com- 
posed of the siliceous remains of diatoms. These siliceous shales 


are known as diatomaceous shales. They have a direct rela- 
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tionship to the occurrence of petroleum deposits in the Cali- 
fornia field. Sandstones occur below, above and interbedded 
with these shales, and wherever they come in contact with the 
diatomaceous shales or cherts, they usually contain petroleum. 
Wherever the sandstones are present and the diatomaceous 
shales are absent the former are usually barren of petroleum. 
In other words the sandstones act as a retainer for the oil and 
gas and the diatomaceous shales have been the source of supply. 

To many people there is a general impression that there 
exists a definite relationship between the occurrences of coal 
and oil. From a genetic standpoint they are unrelated. Dis- 
tillations of coal do not give rise to chemical compounds of a 
character similar to petroleum. Oil may occur in strata of 
the same geological age as coal deposits. It may even occur 
with coal but when such a condition obtains, each usually has 


been derived from a different source. 


GEOLOGIC DISTRIBUTION OF PETROLEUM DEPOSITS. 


Deposits of petroleum and gas in varying amounts have 
been found in the strata of all periods from the Cambrian to 
the Pliocene. As a rule in any one locality petroleum is usually 
confined to the strata of one or two periods. In the Appa- 
lachian and Mississippi Basin regions petroleum and natural 
eas are found in the Palaeozoic strata. During the Mesozoic 
and Tertiary these regions were largely land areas and condi- 
tions suitable for the development of petroicum did not exist. 
In Louisiana and southern Texas petroleum and gas are found 
in the Cretaceous, Eocene and Miocene strata. On the Pacifie 
coast of California there exist strata of Palaeozoic, Mesozoic 
and Tertiary age. The Palacozoic formations occur only in 
scattered areas and are almost barren of petroleum and gas. 
There are enormous thicknesses of Cretaceous and Tertiary 
rock in the Coast Ranges. Nearly all the petroleum deposits 
occur within the Tertiary formations. 

Examinations which have been made of oil bearing districts 


in different parts of the world indicate definitely that petroleum 
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may occur in strata of any geologic period. During any one 
period, geologic conditions in one locality may have been favor- 
able for the formation and accumulation of oil and gas and 
in some other locality perhaps not far away those conditions did 
not exist. The result is that the rocks formed at the same time 
in one locality may be entirely barren and in another contain 
rich deposits of oil. 


RELATION OF GEOLOGIC STRUCTURE TO THE OCCURRENCE 
OF PETROLEUM. 

Geologic structure has a very important bearing upon the 
occurrence of oil and gas. When present in any region they 
are usually associated with sedimentary rocks. They are very 
generally absent from igneous or metamorphic rocks. Sedimen- 
tary strata are usually composed of alternating layers of sand- 
stone, conglomerate, shale and sometimes limestone. Very often 
these grade into one another. In most regions oil bearing or 
other strata are sometimes thoroughly permeated with water 
which tends to flow as an underground current. In many cases, 
especially in oil producing districts, this water is heavily 
charged with chlorides. Sandstone is a much more porous rock 
than shale and if oil or water, or both, are present they accumu- 
late in it to a greater extent than in the shale, which acts as an 
impervious layer. As the water and oil circulate through the 
sandstone zones they tend to partially separate according to 
the laws of gravity. 

As a result of investigations which have been carried on 
in many parts of the world it has been demonstrated that there 
are very few instances where sedimentary rocks lie absolutely 
horizontal. At the present time almost no part of the earth’s 
crust is remaining entirely stationary. Differential movements 
are taking place resulting in depression in some localities and 
elevation in others. Sometimes these movements are extremely 
slow and at other times they take place with considerable rapid- 
ity. The combined result of such disturbances is to throw orig- 
inally horizontal strata into wavelike undulations. These are 
generally referred to as folds and the upward portion of them 
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as anticlines. The lower or downfolded portions are spoken of 
as synclines. The line on the surface following the highest 
points of an anticlinal fold is known as an anticlinal axis. The 
angle of slope of the strata on the flanks of an anticline may 
range from less than one degree to ninety degrees. Sometimes 
originally horizontal strata may be slightly bulged upward to- 
ward a point on the surface. The structure of such a mass 
would appear similar to a very much flattened cone and the 
angle of slope of the surface of the cone might vary slightly 
from place to place. Such structures occurring in nature are 
known as domes. 

When a series of horizontal strata such as have already 
been described contain water or oil or both, are capped over 
with impervious shale layers and are then folded into domes or 
anticlines, the water and oil will tend to circulate along the 
undulations of the strata. They also tend to maintain the 
same gravity relations as they formerly did when the strata 
were horizontal. To a certain extent the water circulates below 
and the oil above. After the strata have been folded the oil 
will tend to rise to the highest points possible in the undulating 
layers of sandstone, and that will be beneath the axes of the 
anticlines or the apices of the domes. The result is that as 
the oil and water circulate in the undulating stratum of sand- 
stone a large portion of the petroleum will accumulate toward 
the axis of the upfold leaving less and less in the downfold or 
syncline. As a result whenever a well is hored at some point 
along the axis of an anticline or on the upper portion of a dome 
and an oil bearing sandstone is tapped, petroleum and gas 
may rush to the surface in the form of a gusher or it may be 
necessary to extract it by pumping. If a well be bored along 
the axis of a syncline and the oil bearing sandstone zone be 
reached salt water instead of oil may be obtained. These facts 
have been recognized in practically all the oil producing fields 
of the world. Such field data as will record the position of 
anticlines and synclines is among the most important which a 


ecologist seeks in making an examination of an oil district. 
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In a few instances it happens that there are oil bearing 
sandstones in which petroleum deposits are present but where 
water is absent. In such cases, the oil tends to circulate through 
the sandstone but since no water is present it is not forced to 
the upper portion of the sandstone zone. It permeates the 
whole sandstone stratum from top to base or perhaps is pres- 
ent in larger amount near the base. It does not however, as 
before, tend to accumulate near the axes of anticlines but rather 
in the synclinal troughs. Such conditions are extremely rare. 

It is of very common occurrence in most oil districts that 
there are several strata of oil bearing sandstone alternating 
with impervious layers of shale. Each sandstone zone may be 
considered as an oil reservoir independent of all the other sand- 
stone zones. It would be possible to tap an upper zone and 
extract all the petroleum within it and not in the least disturb 
that in the zones beneath. After such a sequence of strata 
have been formed and folded into anticlines and synclines, they 
are ordinarily subjected to erosion. Such erosion may be suf- 
ficiently vigorous to remove a portion of the overlying shale 
stratum and allow a small part of the oil be: aring sandstone 
zone to become exposed to the atmosphere. When this occurs 
the more volatile constituents of the petroleum will tend to evap- 
orate and ultimately leave behind a viscous or solid mass of black 
asphaltum or light colored paraffin. Such occurrences are to 
be found on the island of Trinidad in the West Indies and in 
the Lake Athabaska region of Alberta. It is to be inferred 
from the occurrence of an asphaltum outcrop upon the surface 
that at least one oil bearing stratum has by natural processes 
been destroyed as a petroleum producer, but it does not indicate 
that there are no more petroleum bearing zones below. In most 
regions where oil deposits are known to occur and where the asso- 
ciated strata have been folded into anticlines and synclines by 
minor or major stresses, breaks or cracks have been developed. 
These are geologically known as faults. T hey may extend from 
the surface downward for considerable distances. Occasionally 
such faults may branch and some of the branches may tap oil 
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bearing sandstones. When such a condition occurs the lighter 
constituents of the petroleum may in small amounts travel along 
these cracks toward the surface. Seepages of oil may reach 
the surface immediately above its source, or some distance away. 
It may reach the surface at the axis of an anticline or some- 
where along the axis of a syncline or in between. As a result 
it is apparent that if an underground accumulation of petro- 
leum be present it is not necessarily directly below or in the 


near vicinity of a surface seepage. 


POSSIBLE OCCURRENCES OF PETROLEUM IN WESTERN 
WASHINGTON. 


There are conditions in certain geologic formations within 
this state which absolutely prohibit the occurrence of petroleum 
deposits. In certain other formations petroleum might occur 
and in still others there is definite proof that it is present, but 
whether in commercial quantities or not, has not been demon- 
strated. The conditions which would allow of its occurrence are, 
first, the presence or former presence of some material from 
which it could be derived; second, the presence of some sedi- 
mentary strata which could act as a retaining reservoir ; third, 
the presence of some impervious capping such as a shale or 
clay stratum to prevent its escape to the surface; fourth, an 
arching of the strata either into domes or anticlines to allow of 
its segregation. The presence of metamorphic rocks or ig- 
neous rocks are highly unfavorable to the occurrence of petro- 
leum within them. In formations, however, that have been met- 
amorphosed there might be local areas which have escaped or 
are only semi-metamorphosed. In such formations, if all other 
conditions are present, petroleum deposits might occur. In the 
examination of the geology in any particular district it is nec- 
essary to determine in how far the above conditions apply, and 
upon such a basis to decide whether the possibilities for the oc- 
currence of petroleum deposits are favorable or unfavorable. 

It often happens that on the surfaces of ponds or marsh 


areas an irridescent scum appears which is commonly mistaken 
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for an indication of oil. Occasionally marsh gas may also es- 
cape from such areas and convince an observer that oil deposits 
occur below. In regions where iron oxide forms a part of the 
cementing material of sediments or is a residual from rock decay, 
it may also collect as a scum around the opening of a spring 
or on a stagnant pool of water. A chemical examination of 
such deposits would show that they have no relation to the oc- 
currence of petroleum. 


CASCADE MOUNTAINS. 


The Cascade Mountains are composed for the larger part 
of igneous and metamorphic rocks. A few scattered areas of 
Eocene and Miocene lacustrine sediments occur in several places, 
but no large quantities of organic animal remains have been 
found within them which could give rise to petroleum. In the 
northern Cascades there are extensive areas of granite and other 
deep seated rocks. In the southern portion of the Cascades the 
old granite and metamorphic surface passes down to or below 
sea level and is covered with an extensive series of lavas and 
tuffs. ‘The Cascade Mountains as a whole may be eliminated as 
a possible source for petroleum. 


PUGET SOUND BASIN. 


GLACIAL DEPOSITS. 


The larger portion of the Puget Sound Basin exclusive of 
that occupied with marine waters is more or less heavily ve- 
neered with deposits of glacial drift. These vary extensively 
in composition from place to place. They are composed of 
stratified and non-stratified gravels, sands and clays which in 
most cases have been transported for considerable distances by 
glaciers. During the advance of the ice sheet into the Puget 
Sound Region extensive scouring and erosion of the pre-glacial 
rocks was accomplished. During the retreat of the ice sheet, 
lakes were developed and into these sediments were being de- 
posited by the adjacent streams. These bodies of water were 
usually non-marine and forms of animal life living therein were 


not numerous. Outside of the areas actually involved in these 
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glacial lakes, glacial material was being deposited by retreating 
valley glaciers and the streams issuing from them. Such de- 
posits are practically barren of animal life. Because of the 
character of deposition of all deposits formed, due directly or 
indirectly to glaciation, there existed no animal life which 
could possibly have acted as a source for petroleum deposits 
of commercial value. As a rule the deposits are soft and inco- 
herent and the individual strata do not persist in character for 
any great distance. Even if small quantities of petroleum had 
been formed there would have been no means of preventing its 
escape. It is true there are present in many places very low 
gerade lignite seams which might yield small amounts of gas, 
but a gas considerably different from that associated with pe- 
troleum. The glacial drift of western Washington may be re- 
garded very unfavorable as the source or container for pe- 
troleum deposits. 
PRE-GLACIAL FORMATIONS. 

Beneath the glacial drift and in places extending up through 
;t are sandstones, shales and lavas of Tertiary age. Their sub- 
glacial distribution is represented on the geologic maps accom- 
panying this report. During the Eocene the entire Puget 
Sound region extending easterly into the Cascades was the 
site of extensive estuaries bordering on the marine waters of 
the ocean. In these bodies of water sediments consisting of 
sands, muds and clays were accumulating. Shorelines were 
shifting from time to time, allowing sediments of marine origin 
to become interbedded with those of purely estuarine origin. 
Sediments of the later type predominate throughout the Eo- 
cene. A careful examination of these strata fails to reveal the 
presence of any great quantities of fossil animal life. On the 
contrary there are extensive deposits of fossil plant life as 
attested to in the numerous coal seams occurring at intervals 
throughout the Eocene series. In the Puget Sound region, 
during the Eocene, conditions were not favorable for the de- 
velopment of marine animal life in sufficient quantities to act 


as a source for petroleum deposits. 
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Throughout the Eocene volcanic activity was more or less 
prevalent. Interbedded with the sediments are extensive flows 
of andesites and basalts and accumulations of volcanic ash. 
These extrusive flows came to the surface through fissures 
rather than through great central volcanic cones. Some of 
the flows were apparently submarine. 

After the close of Eocene time the sedimentary strata to- 
gether with the volcanic material were uplifted and folded 
and then subjected to vigorous erosion. In King and Pierce 
counties post glacial erosion has cut down deeply into the old 
Eocene rocks, exposing over 10,000 feet of strata. Inter- 
bedded with the sandstones and shales are numerous coal seams. 
The whole series of strata have been thrown into sharply 
folded anticlines and synclines having a general north and 
south trend. The axes of these anticlines have been deeply dis- 
sected and if any petroleum deposits had been formed they 
would long ago have been destroyed. There is no evidence to 
warrant the supposition that oil has ever been present or is 
present today in the King and Pierce coal felds. Such gas as 
may be present may be directly associated with lignite de- 
posits and cannot be connected with oil. 

In Kitsap County, Eocene basalts outcrop in the hills west 
of Bremerton and south of Chico. Occasional layers of sand- 
stone are interbedded but of no great extent. The igneous 
rocks could not possibly have been a source of petroleum and 
the sandstones which are interbedded are not of sufficient ex- 
tent to act as a reservoir. 

Oligocene strata of marine origin underlie the glacial drift 
of the northern portion of Puget Sound. They possess a 
thickness of nearly 10,000 feet and have been folded into anti- 
clines and synclines. The southern limit of these outcrops is 
along a line extending from Seattle westerly to Bremerton 
and thence to Hood Canal. In places these strata contain 
fossil molluscan remains but not in large quantities. A care- 
ful search was made for diatomaceous deposits but none were 
detected. From such fossil life as formerly existed, petroleum 
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in small amounts might have been formed. However, there 
are no direct indications of its having been present. 

After the close of the Lower Miocene when folding took 
place, one’ prominent anticline was developed extending along 
the Newcastle Hills to Seattle and thence westerly to the Bald 
hills of Kitsap County. Along the north flank of this fold, 
numerous minor folds have been developed, all of which pitch 
to the north. ‘To the north of this anticline, a syncline pre- 
sumably extends parallel to it. Its northwestern continuation 
may be seen in Jefferson County south of Port Townsend. ‘To 
the north of the syncline a second pa ‘allel anticlinal axis may 
exist but because of the great overburden of glacial drift it 
becomes impossible to definitely prove it. Along the Newcastle 
anticline, long continued erosion has cut down deeply so as to ex- 
pose the core composed of Eocene basalts. From Seattle westerly 
across Kitsap County, the entire series of Miocene strata in- 
volved in the north limb of this anticline are standing nearly 
vertical, or with a steep pitch to the north. The truncated 
edges of the strata are exposed. Throughout this entire area 
any oil deposits which may formerly have existed must long 
ago have escaped. No impervious covering remains as a cap- 
ping. The glacial drift which lies above in most localities is 
not sufficiently impervious to prevent its escape, and further 
these same strata were exposed as above described prior to 
glaciation. A similar condition appears to obtain farther 
north near Catheart station and Snohomish. Southern Kitsap 
County and western Pierce County are so heavily covered with 
glacial drift that the geology of the older formations cannot 
be definitely determined. The character of the strata and the 
ecologic structure which they now assume are such as to pro- 
hibit the accumulation and retention of petroleum deposits in 
commercial quantities in the Eocene and Oligocene formations 
of the Puget Sound Basin. There may be older formations of 
pre-Tertiary age lying beneath the Eocene which may be oil 
bearing or have been capable of producing oil at one time. 


Concerning such there is absolutely no evidence available. Any 


The Tertiary Formations of Western Washington 271 





petroleum which may be present in the Eocene rocks has un- 
doubtedly to a large extent seeped into them from such a source. 


NORTH SLOPE OF THE OLYMPIC MOUNTAINS 


From Cape Flattery eastward to Port Crescent and from 
the Strait of Juan de Fuca southward for a distance of ap- 
proximately ten miles the floor upon which the deposits of 
glacial drift rest is composed of lower Miocene marine sedi- 
iments. Beneath these are Eocene basalts, sandstones and shales 
which are exposed at Port Crescent but which are deeply buried 
below sea-level throughout the remainder of the area. 

Deposits of glacial drift vary in thickness and mantle over 
almost the entire area of the district. Along the coast line 
and in the canyons of some of the streams the older rocks are 
exposed. he conditions under which the drift was deposited 
were approximately the same as in the Puget Sound Basin, 
and the possibilities for the occurrence of petroleum in the drift 
are extremely unfavorable. 

The surface distribution of the Eocene is represented upon 
Plates If and IV. Exposures are well developed along the 
coast in the vicinity of Port Crescent. To the west the Eocene 
strata pass beneath Oligocene strata. Basalts and andesite 
constitute the major portion of the Eocene, although narrow 
bands of sandstone and shale are interbedded. Resting uncon- 
formably upon the Eocene are Oligocene and Lower Miocene 
marine sediments which in the Cape Flattery section attain a 
maximum thickness of nearly 19,000 feet. These strata in 
places contain numerous marine fossils. Alternating sandstone 
and shale bands are present. The whole series of Eocene and 
Miocene formations have been folded into anticlines and syn- 
clines and their approximate position has heen indicated upon 


Plate IV. A synclinal axis extends from near Gettysburg 


southeasterly to Lake Sutherland. The entire series of strata 
including those of both Eocene and Oligocene age lying east 
of the position of the synclinal axis just mentioned are pre- 
sumably dipping to the southwest and constitute one limb of 





the syncline. The strata on the western side of the syncline 
are dipping to the northeast. From the prevailing north- 
westerly dip of the strata west from Gettysburg there is direct 
evidence that they have been folded backwards, thereby devel- 
oping an anticlinal fold. The exact position of this axis cannot 
be absolutely determined but its approximate position is fairly 
certain and has been indicated upon Map A, Plate IV, as ex- 
tending from a point on the coast line a short distance west of 
Gettysburg southwesterly to the western end of Lake Crescent. 
From Twin westerly to Clallam Bay the Oligocene shales and 
sandstones have been thrown into numerous parallel folds whose 
axes have a prevailing trend of nearly north and south. The 
points where these axes intersect the coast line have been def- 
initely determined, but their landward extension is only ap- 
proximate. From Clallam Bay westerly to Cape Flattery the 
strata have a prevailing northeasterly dip and constitute a 
great monoclinal fold pitching away from the long spur ex- 
tending from the Olympic Mountains west to the Point of the 
Arches. 

East from Freshwater Bay the lower Miocene strata have 
been folded into a synclinal trough whose axis extends from the 
vicinity of Port Angeles southeasterly toward Quilcene. It may 
possibly be a continuation of the syncline existing north of Se- 
attle. An anticlinal axis trends North 70° West from Port 
Ludlow to Port Discovery Bay but the overlying Oligocene 
sandstones and shales have been completely removed by erosion 
exposing the core of Eocene basalts and tufts. 

The following deductions may be made concerning the possi- 
bilities for the occurrence of petroleum along the north side of 
the Olympic peninsula: 

1st—The formations involved consist of Eocene basalts, tuffs 
and sediments, together with an enormous thickness of Oligocene 
marine fossiliferous strata. The soft organic remains of life 
which formerly existed in the marine strata could upon slow 


distillation have produced petroleum products. The more por- 
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ous sandstones which are present could have acted as reservoirs 
and the shale belts as impervious cappings. 

2nd—The entire series of strata have been folded and if any 
petroleum deposits were formed they would tend to collect be- 
neath the axes of the anticlines and those areas involved in the 
synclines would be barren. An inspection of Map A, Plate IV, 
will indicate the approximate position of the anticlines and syn- 
clines. 

3rd—No direct indications of petroleum seepages have been 
seen by the writer in any portion of the area involved. 

4th—The final conclusions may be drawn that on the north 
side of the Olympic peninsula geologic conditions are not such 
as to absolutely forbid the occurrence of petroleum deposits, al- 
though there are no direct indications to suggest their presence. 
If such deposits are present they will exist beneath the areas in- 
dicated upon the accompanying maps as anticlinal axes, where 
developed within the lower Miocene rocks. Those areas involved 
in synclinal folds should be considered as barren of possible 


_ petroleum deposits. 


SOUTHWESTERN WASHINGTON. 
GENERAL STATEMENT. 

The more detailed description of the geologic and structural 
conditions obtaining in Southwestern Washington have already 
been presented in earlier chapters. The formations involved are 
of Tertiary age and are commonly covered with a very thick 
soil residuum or with Pleistocene deposits of gravel and sand. 
The entire Tertiary series is composed of interbedded sedimen- 
taries approximately 15,000 feet in thickness. Whether pe- 
troleum is present in these formations or not has not as yet been 
demonstrated. In the voleanic rocks of the Eocene it cannot be 
expected to occur. If present at all in southwestern Wash- 
ington it should be associated with the marine sedimentary 
phase of the Tertiary. For purposes of discussing the geologic 
and structural conditions in their relation to the possible occur- 
rence of petroleum deposits in the southwestern portion of the 


state, it seems best to consider each county as a unit by itself. 


O74 Bulletin No. 13, Washington Geological Survey 





PACIFIC AND WAHKIAKUM COUNTIES. 


The Eocene of these two counties is composed largely of ba- 
salts and basaltic tuffs, which constitute the backbone of the di- 
vide between the drainage leading into Columbia River and that 
into Willapa and Chehalis rivers. It forms a U-shaped area 
extending from the eastern part of Willapa Harbor southeast- 
erly to the northern part of Wahkiakum and Cowlitz counties. 
From that point it turns due north. The character of the rock 
is unfavorable for petroleum deposits to originate within it or 
if originating without to accumulate within it. There may be 
strata below which are oil bearing but there is no evidence sug- 
gesting their occurrence. If such strata were present there 
would be no means of determining where the underlying reser- 
voirs were situated. Those areas indicated upon the map of 
southwestern Washington in Pacific and Wahkiakum counties 
as Eocene may be regarded as unfavorable for the occurrence 
of petroleum deposits. (Plate III.) 

The Oligocene formation in these counties is confined to two 
basins. The northernmost of these occupies the basin of Willapa 
River and the southern area extends east and west along the 
north side of Columbia River. The strata consist of sandstones 
and shales of marine origin and carry fossils. They have been 
folded into anticlines and synclines as previously described in 
chapters three and four and as designated upon the geologic 
map on Plate III. The only indications of petroleum which the 
writer has seen within these formations are some shales which 
give off a very decided odor of oil. They outcrop in isolated ex- 
posures in the hills between Bear River and the town of Ilwaco, 
in Sections 18 and 19, Township 10 North, Range 10 West. 
The shales are of a brownish gray color and when heated over 
a fire burn with a blue flame. An examination of the region in- 
dicates considerable faulting. Several basaltic lava flows are 
interbedded with the sedimentaries and also occur in the form of 
dikes. The region involved is worthy of a more careful detailed 


geologic examination and if in the future petroleum deposits are 
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found to occur in commercial amounts they will undoubtedly be 
found to have originated in the Oligocene shales. 

Whether the strata in other portions of these counties con- 
tain oil deposits is unknown. The strata are of such a char- 
acter and have been folded into anticlines and synclines so that 
oil, if present, could accumulate. The total evidence from 
geologic data obtained is only sufficient to warrant the state- 
ment that petroleum may be present although no direct evi- 
dence to that effect is available. 

GRAYS HARBOR COUNTY. 

In the northwestern part of the county, in the Queniult 
Indian reservation, the Hoh formation is present and within 
that formation farther north oil in small quantities is definitely 
known to occur. A discussion of that portion of the county will 
be deferred until later. In the southern and eastern parts of 
the county, lower and upper Miocene rocks prevail. They con- 
sist of shales and sandstones all of which are of marine origin 
and fossil bearing. These strata have been folded and the posi- 
tion of the anticlines have been approximately inserted upon 
the geologic map. (Plate III.) No direct indications of pe- 
troleum have been seen within this area. Eocene basalts occur 
in the extreme eastern part of the county and are incapable of 
containing commercial oil deposits. The Miocene strata may 
possibly contain petroleum deposits. There is not now sufficient 
evidence to warrant the supposition that oil is present. 


COWLITZ AND LEWIS COUNTIHS. 


The formations involved in the western part of these coun- 
ties are of Eocene age and are composed of marine and brack- 
ish water sediments together with interbedded basalts and ba- 
saltic tuffs. The two latter are incapable of giving rise to or 
forming reservoirs for petroleum in commercial quantities. The 
brackish water strata contain no organic animal remains which 
would be capable of producing oil, although it might travel from 
some other source and collect in the coarse grained sandstones. 


The marine fossiliferous sandstones and shales could have pro- 


wy 
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duced oil deposits but there is no evidence to prove that they have 
done so. The strata have been folded and the structure is such 
that oil, if present, might collect beneath the axes of the anti- 
clines. Throughout this entire region basalts, marine and brack- 
ish water sediments are interbedded and if oil had ever formed in 
the marine sediments it might have collected either in the marine 
or in the brackish water strata. <A large part of the western 
portions of these counties is covered with gravels and sands so 
that the older rocks do not appear at the surface. It is possi- 
ble that if the strata were entirely exposed there might be 
seepages where faulting or fracturing had occurred. All that 
‘an be said concerning the possibilities for the occurrence of 
petroleum deposits in western Cowlitz and Lewis counties is 
that it could have originated in certain marine sandstones and 
could have accumulated beneath the axes of the anticlines, but 
no indications are available to suggest that such has been the 
case. 
THURSTON COUNTY. 

A large part of this county is covered with glacial drift and 
outwash gravels in front and south of the terminal moraine. 
The underlying bed rock where exposed consists of sandstones 
and lavas of Eocene age. On the areal geologic map accom- 
panying this report those areas which are definitely known to 
be underlain with Eocene deposits are mapped as such. The 
areas mapped as glacial drift do not represent the entire area 
in which drift is present but rather those areas where it is so 
extensive that the character of the underlying rocks cannot be 
determined. In the Black Hills, in the western part of the 
county, basalts prevail and there can be no possibility for the 
occurrence of petroleum deposits within them. The outwash 
gravel plains in the central and southern part of the county are 
almost barren of trees and are covered with numerous small 
mounds which owe their origin absolutely to glacial causes. 
These are not gas mounds and have no relation to petroleum. 

The sandstones where exposed are chiefly of brackish water 


origin and in places contain coal seams. The former organic 
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life which existed in them was plant and not animal and hence 
could not have furnished fats which are the chief constituents 
of oils. ‘The marine sediments, however, where present contain 
upper Eocene fossils and could have acted as a source for pe- 
troleum deposits. Where these are interbedded with the brack- 
ish water sediments, if oil were ever present it could have 
seeped into the latter. Interbedded with both brackish water 
and marine strata are basaltic lavas and tuffs. They appar- 
ently were laid down while the sanstones and shales were ac- 
cumulating and hence would have but little effect upon any oil 
strata that might have been present. The whole series of Eo- 
cene strata have been folded and the positions of the anti- 
clines and synclines have been plotted upon the geologic map 
(Plate III). There is absolutely no possible means of predict- 
ing whether oil deposits are present or not in this field. If they 
are present they will be found to have accumulated beneath the 
axes of anticlines and will occur in the more porous sandstones 
of the Eocene. The Miocene formations are not present as far 


as available evidence shows. 


WESTERN SLOPE OF THE OLYMPIC PENINSULA. 


The region from Grays Harbor northward to Cape Flat- 
tery is topographically an elevated plain bounded on the west 
by the Pacific Ocean and on the east by the Olympic Mountains. 
The surface of this plain ranges in elevation from one to five 
hundred feet above sea-level, but gradually increases easterly 
towards the Olympics. To the north it is terminated by the 
long axial spur extending out to Cape Flattery. The original 
surface has been deeply dissected by numerous rivers and creeks 
flowing across it and emptying into the ocean. The more im- 
portant of these are the Queniult, Raft, Queets, Hoh, Bogachiel 
and Soleduck rivers. 

The formations involved in this region are the Hoh, Monte- 
sano and Pleistocene gravels. The approximate distribution 
of these outcrops is represented upon the areal geologic map 
(Map A, Plate IV). The entire region is more or less deeply 
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covered with Pleistocene sands, gravels, and clays, which rest 
unconformably upon all the older formations. During the 
Pliocene and prior to the deposition of the Pleistocene fluviatile 
deposits, the entire costal plain had been deeply dissected and 
depressed. Large rivers meandered over the surface and as 
time progressed large quantities of gravels and sands were 
dropped by these streams. These deposits lie nearly hori- 
zontal and range in thickness from a few feet to over 500 feet. 
Later the country was uplifted and the present streams have 
since cut down into those Pleistocene deposits and in places even 
into the older Hoh and Miocene formations. These older strata 
are generally exposed along the banks of the rivers and along 
the ocean cliffs. 

The Hoh is the most extensively developed of the pre- 
Pleistocene formations on the western side of the Olympic 
Mountains. It possesses a thickness of at least ten thousand 
feet and is composed of massive and banded shales, conglomer- 
ates and extensive belts of shaly micaceous sandstones. The 
latter grade into a distinctly gray sandstone of medium grain 
which contains angular fragments of slate and of chert, and 
nearly always considerable amounts of micaceous shales. It 
is from this phase of the formation that the odor as well as 
seepages of petroleum are found. In places interbedded with 
this are soft brown to gray shales. 

The Hoh formation has been folded into major and minor 
anticlines and synclines and the approximate position of these 
has been platted upon Map A, Plate IV. Insufficient work has 
been done to determine all the folds involved, but along the 
coast where exposures are generally well defined the structure 
has been worked out in detail. 

Two prominent anticlines are believed to exist, trending 
north and south. One of these apparently lies in the floor of 
the ocean several miles off shore. The minor anticlines and 
synclines recorded along the shore may be folds developed in 
the east limb of this major anticline. It is believed that & sec- 


ond approximately parallel major anticline extends south from 
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Forks in southwestern Clallam County, into Jefferson County. 
Such an anticlinal fold is definitely known to extend at least as 
far south as the north boundary of Jefferson County into Sec- 
tion 3, Township 27 North, Range 13 West. Its southward 
extension has not been traced. It is within this formation that 
petroleum indications on the west coast of the Olympic Penin- 
sula are directly associated. 

The upper Miocene strata are developed in the basin of 
Quillayute River in Clallam County and have already been de- 
scribed. No petroleum indications have been observed in the 
formation in this area. 

In the region around the mouth of Queniult River, the strata 
of the upper Miocene or Montesano formation outcrop. They 
are exposed from a point about one mile north of Cape Eliza- 
beth south to Point Grenville and for a distance inland of about 
six miles. Beyond, to the east, they presumably exist but are 
deeply buried beneath a very thick covering of Pleistocene 
gravels, sands and clays of fluviatile origin. Queniult River, 
except near its mouth, has not cut down through the Pleisto- 
cene to the Miocene rocks. 

The region between the south boundary of the Queniult 
Indian reservation and Grays Harbor is covered with Pleisto- 
cene deposits but the Montesano series is believed to form the 
bed rock basement upon which they rest. In fact, where the 
Humptulips and Wishkah rivers cut down to bed rock the upper 
Miocene strata are exposed. With the exception of certain 
localities at Cape Elizabeth no petroleum indications are known 
to occur in the formation in this region. 

The Pleistocene deposits are devoid of petroleum. At var- 
ious places gas is reported to arise from swamps lying in these 
deposits. Upon examination such gas is found to be chiefly 
methane, derived from decaying vegetable remains in buried 
swamps. Occasionally iron oxide appears as a coating on the 
small pools upon the surface of these gravels and sands. It 


forms an iridescent coating on water very close in appearance 
to that of oil. 
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The areal distribution of the Hoh formation is indicated 
upon Map A, Plate IV. Seepages of oil have been found in a 
few places. Gas has been found in a number of places. Many 
localities abound where the odor of petroleum can be detected 
sometimes at some distance from the outcrop; at other times 


only when the rock is freshly broken. 
SOURCE OF THE PETROLEUM. 


No fossil mollusecan remains have been found within the Hoh 
formation. Locally small pockets of carbonaceous shale occur. 
A microscopic examination of the shales and shaly sandstones 
shows the presence of large numbers of diatoms. These are not 
present in sufficient numbers to form a cherty diatomaceous 
shale, yet in some specimens of shale they are closely packed. 
Samples collected from the Hoh Head shales revealed the pres- 
ence of large numbers of these forms of life. In the well at 
Forks, shale brought up from a depth of 1800 fect, shows the 
presence of numerous foraminifera. Chemical examinations 
made of living marine diatoms show the soft organic parts. to 
be composed of organic compounds of a position closely related 
to that of petroleum. 

In the western Olympic region there appears to be no source 
except from diatomaceous or foraminiferal remains from which 
such petroleum deposits as occur could have been derived. The 
scattered areas of Miocene strata are too limited to have been 
the source. In other regions in the state where the Miocene 
deposits are more extensively developed no indications of pe- 
troleum are known. The rock formation underlying the Hoh 
formation is unknown. All the older formations in the north- 
west have been extensively metamorphosed and the probabilities 
are that such rocks as underlie the Hoh are in that condition. 
If so, they could hardly supply the organic material. The fact 
that considerable quantities of diatoms and foraminifera are 
present in certain portions of the Hoh formation and that it 
has been demonstrated in other regions that petroleum com- 
pounds may have been derived from such sources and further 


that no other sources in this region are present, indicates that 
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the petroleum products in the Hoh formation are probably de- 
rived from these organisms. The Hoh formation is the only 
one in the state from which definite evidences of petroleum are 
known. 

There are massive brown sandstones in the formation which 
could act as retaining reservoirs provided some impervious cap- 
ping were present. Such reservoirs would be expected to form 
beneath the axes of the anticlines. Whether such deposits oc- 
cur in commercial quantities or not can only be determined by 
drilling on the axes of the anticlines in this formation. 


GEOLOGIC CONDITIONS IN SPECIAL AREAS ON THE WEST 
COAST OF THE OLYMPIC PENINSULA. 

Bearing in mind the fact that very small amounts of petrol- 
eum are known to occur in the Hoh formation and further that its 
occurrence in commercial quantities has not been proven, it is 
possible that petroleum might occur anywhere within the forma- 
tion provided structural conditions are favorable. In order to 
fully discuss these conditions, the western portion of the Olympic 
Peninsula has been separated into districts for description, as 
follows: Southwestern Clallam County, Ozette Lake Region, 
Western Jefferson County, and the Queniult Indian Reservation. 

SOUTHWESTERN CLALLAM COUNTY. 

The area involved in this district embraces Township 28 
North, Ranges 14, 13 and part of 12 West. It extends from 
the ocean on the west to the Olympic Mountains on the east. It 
is drained by the Soleduck, Calawah and Bogachiel Rivers. The 
average elevation is 500 feet above sea level, with an increase 
from west to east. 

With the exception of a small area near the forks of the 
Soleduck and Bogachiel rivers which is upper Miocene, the en- 
tire areal geology consists of outcrops of the Hoh formation. 
Outcrops of this formation appear at intervals along the cliffs 
of the Bogachiel and Calawah rivers and also in the more highly 
elevated divide between those rivers in the eastern part of the 


region under discussion. (Plate XI.) The strike and dip of 
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the strata at these points have been platted upon this map. 
All observations taken in the eastern half of Township 28 
North, Range 13 West, show a pronounced easterly dip ranging 
from 35° to 88°. In the western half of this same township 
and range the strata are dipping to the west from 50 to 60 de- 
grees and continue to do so towards a synclinal basin in the 
eastern half of Township 28 North, Range 14 West. A well 
defined anticline crosses Bogachiel River near the boundary be- 
tween Sections 33 and 34, Township 28 North, Range 13 West. 
From observations taken to the east and west it apparently ex- 
tends northerly through Sections 28, 21 and 16 of the same 
township and range to the town of Forks. To the south it 
passes into Jefferson County in Section 3, Township 27 North, 
Range 13 West. This fold for purposes of reference will be 
designated as the Forks anticline. 

A well defined syncline trends nearly north and south through 
Sections 12, 23, 26, and 35, Township 28 North, Range 14 
West. In the western half of this township the Montesano 
formation rests nearly horizontal upon the steeply dipping 
truncated edges of the Hoh strata. 

Indications of gas and the odor of petroleum occur at in- 
tervals along Bogachiel and Calawah rivers. The odor of pe- 
troleum is particulaly noticeable in the shaly sandstones in the 
northeast 14 of Section 23, Township 28 North, Range 14 
West. In Sections 20 and 34 on Bogachiel River and Section 
3 on Calawah River, Township 28 North, range 13 West, the 
rock has a decided odor of petroleum when freshly broken and 
may be noticed for some distance away as one approaches 
these localities. In Section 27, Township 28 North, Range 14 
West on Bogachiel River the sandy shales have weathered into 
a bluish gray mud. <A very noticeable odor of natural gas can 
be detected. Several small holes made with a pick handle al- 
low the gas to escape with a sizzling sound. When lighted it 
will burn in each case for about one minute with a blue flame. A 


well is being bored by the Washington Oil Company of Seattle in 


a 
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Section 16, Township 28 North, Range 13 West, south of the 
town of Forks on Forks Prairie. 


QUENIULT RIVER DISTRICT. 


The area involved in this district extends from Grays Harbor 
northward to Queets River and includes the Queniult Indian 


Reservation. he entire region is an uplifted plateau-like bench 


with an undulating surface and ranging in elevation from 100 
to 400 feet. Along the ocean shore line the cliffs extend from 
sea level to two hundred feet in elevation. The formations are 
almost exclusively of sedimentary origin. The only exception 
is a small patch of basic lava with intercalated sediments at 
Point Grenville whose age cannot be definitely determined except 
that it is pre-Miocene. The larger part of the region is cov- 
ered with horizontally bedded Pleistocene gravels and sands. 
Along the sea coast and in those places where the rivers have 
cut down through the gravels the older formations are exposed. 

The Hoh formation undoubtedly underlies the younger 
formations of this entire region but it is exposed at the sur- 
face only near the mouth of Queniult River. It outcrops in the 
cliffs along the ocean in the northwest 14 of Section 27 and the 
southwest 14 of Section 22, Township 22 North, Range 13 
West. The exposures extend along the cliff for a distance of 
about 1500 feet. To the south and possibly also to the north, 
they are terminated by a fault. The entire exposure is in- 
volved in a slide and badly crushed. It is largely composed of 
brown chocolate colored shales with narrow intercalated layers 
of sandstone which assume a general strike of North 45° West 
and a dip of 35° to the northeast. 

In the southeast 14 of Section 6, Township 21 North, Range 
12 West on the south side of the big bend in Queniult River 
there is an outcrop of shale involved in a big: slide which has 
been largely converted over into a bluish gray mud. The shale 
is of a chocolate brown color and closely resembles that occur- 
ring to the northwest along the ocean bluffs. It has been so 
badly crushed that no strike nor dip could be obtained. Its 
eastern limits are determined by a well defined fault. The sur- 
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face between these two localities is heavily covered with gravel 
and sand, and it cannot be definitely stated that the Hoh shales 
occupy the intervening area as has been indicated upon the 
map. The fact that these faults are of considerable size and 
approximately in line indicates that the Hoh shales probably 
extend through as a fault block. These are the only surface 
exposures of the Hoh formation within the area examined and 


they undoubtedly underlie unconformably the entire area. 


Upper Miocene conglomerates and sandstones constitute 
the formations exposed along the ocean cliffs from Queniult 
River northward to a point one and one-half miles above Cape 
Elizabeth. They form the Cape Elizabeth fault block which 
in itself does not seem to be badly broken. A detailed strati- 
graphic section has been measured and has been inserted in 
chapter five. The strata as here exposed strike northeast and 
southwest and dip at a low angle to the southeast. In the east 
central portion of Section 34, Township 22 North, Range 13 
West, they are slightly folded into a monocline. The axis ex- 
tends inland in a northeasterly direction. 

In the northwest 14 of Section 35, Township 22 North, 
Range 13 West, a gas mound is situated approximately upon 
the axis of this monoline. It is located a few hundred feet west 
of the horse trail on the top of the plateau. It has a diameter 
of about 200 feet and a height of 50 feet, and seems to have 
been built upon the surface of the low plain. It has existed 
for some time as large trees are growing upon it. At the sum- 
mit there is a large crater about four feet in diameter, filled 
with water and surrounded with mud which is continually is- 
suing forth. Large bubbles of gas almost continuously escape, 
which when lighted burn with a blue flame. About 100 feet 
north, on the side of the same mound, there is a smaller gas 
spring. This mound is located 200 feet above the level of the 
river and could not reasonably arise from swamp or decayed 
vegetation which has been buried on the river flat. The gas is 


probably derived from some depth in the bed rock. 
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The Hoh formation undoubtedly exists at a considerable 
distance below the surface. To the north in Jefferson county, 
gas is very commonly associated with the latter. It is quite 
probable that the gas issuing from the mound owes its origin to 
that source; that it has seeped upward into the Miocene sand- 
stones and shaly sandstones and has accumulated in pockets 
along the axis of the monocline and at the point where the 
mound has been built up, escapes to the surface. If that be 
the case, and it seems most probable, it would be impossible to 
determine at what depth pockets might occur, or how large 
they might be. The character of the upper Miocene sandstones 
would allow pockets to form at various depths. 


If the gas is of the same origin as that in the Hoh forma- 
tion farther north, it is possible that oil is associated with the 
Hoh strata below, but whether in commercial quantities or not 
there is no possible means of predicting. 


QUEETS RIVER DISTRICT. 


Topographically this district as in the case of Queniult 
district farther south is an uplifted plain which has been cut 
into by Queets River. The entire region is heavily timbered 
and the surface covered with dense thickets of underbrush. In 
places it is swampy. The tide extends up Queets River for 
about one and one-half miles. Three formations are repre- 
sented within this district. he older is the Hoh and it is im- 
portant because farther to the north it is the formation with 
which indications of petroleum are associated. In places above 
this are shales and sandstones of Miocene age. Resting un- 
conformably upon both the Hoh and Miocene formations are 
extensive deposits of gravels, sands and clays of Pleistocene 
age. The latter were deposited by rivers which formerly me- 
andered across this region when it was at a much lower eleva- 
tion than at present. After uplift the present streams en- 
deavored to cut their channels down through it. In many places 
they have succeeded as may be seen in the banks of Queets 


River and in places on Salmon Creck. The general character 
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of these formations has already been described in chapters two, 
five and six. 

All of the actual pre-Pleistocene rock exposures along Queets 
River and Salmon Creek belong to the Hoh formation. No seep- 
ages of petroleum were seen and no odor detected at any point. 
However, the formation as exposed here is a continuation of 
that outcropping along Hoh River, where indications of pe- 
troleum are present. Miocene strata are exposed along the 
coast near the mouth of Raft River. The older Hoh formation 
was folded and eroded prior to the deposition of the Miocene 
strata. 

The data from which it has been possible to determine the 
principal structural features of this region have been inserted 
upon Map A, Plate IV. In certain localities the structure is 
well defined; in other localities it has been generalized from the 
better known structural conditions some distance away. In 
those localities which are covered with Pleistocene deposits it is 
impossible to say absolutely just what the bed rock structure 
is beneath. Strikes and dips have been recorded at every possi- 
ble place along Queets River and on Salmon Creek. Along the 
Queets the prevailing structure shows a general north to south 
strike and an easterly dip. In places this strike swings westerly 
and easterly. All of the outcrops of the bedrock formation on 
the Queets are of the Hoh formation: and it is certain that 
these strata underlie the entire central and southern part of the 
area involved in the district. 

On Salmon River, in Sections 35 and 86, Township 24 
North, Range 12 West, there is a high rocky ridge which has 
been cut into by stream action. ‘The river flows through two 
gorges, one on the northwest and one on the southeast side of 
the big bend in the river. On the northwest side the prevailing 
strike is North 60° East with a dip of 50° to the northwest. 
On the southeast bend in the second gorge, the strike is North 
30° West with a dip of 25° to the southeast. For a distance 


of two miles farther up the river this southeasterly dip prevails. 
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There is direct evidence here that an anticline trends northeast 


and southwest. 

To the north on Queets River, above the junction with 
Salmon River, the strata are dipping to the northeast and to 
the east, giving direct evidence of a synclinal axis trending 
northeast and southwest. Its probable position has been indi- 
eated upon the map. Both the anticlinal and synclinal axes, in 
their southwesterly continuation, pass beneath a thick covering 
of Pleistocene gravels, sands and clays. It is probable, how- 
ever, that they tend to merge, and in the area involved in Sec- 
tions 1, 2, 3, 10, 11, 12, 13 and 14, Township 23 North, Range 
13 West, possess a comparatively flat attitude with a low dip 
to the east. 

A minor anticlinal axis exists just south of the mouth of 
Queets River. It trends about North 40° East. The evidence 
for this anticline has been obtained from strikes and dips taken 
around the cliffs in the big bend in the river. It is undoubtedly 
a minor warp or dome, or spur, on the eastern limb of a large 
north and south anticline whose main axis lies parallel to the 
coast line and probably not far from the shore. The eastern 
limb of this minor anticline has a comparatively low dip to the 
southeast. The strata are composed chiefly of interbedded 
sandstones and shales. The axis lies on the low flat ground in 
the bend in the river and probably extends out toward the shore. 

Concerning the possibilities for the occurrence of petroleum 
deposits within this district the following statement is made: 
The Hoh formation which contains small seepages northward 
in Clallam and Jefferson counties is the bed rock formation in 
this region. No actual seepages, however, have been seen within 
the strata along Queets River. The strata have been folded 
into anticlines and synclines as have already been described. 
Altogether they have a thickness of at least 5,000 feet. There 
is no possible means of determining whether petroleum deposits 
occur in commercial quantities or not except by drilling in 
those localities along the axes of the anticlines. If it should 


be present there is no means of determining how deep it would 
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be necessary to drill to reach it. Such deposits as might occur 
would probably be derived from the shales of the Hoh forma- 


tion. 
HOH RIVER DISTRICT. 


The region involved embraces nearly all of western Jefferson 
County. The major portion of the area is thickly covered with 
Pleistocene sands and gravels. The bedrock exposures are well 
developed along the coast line and at intervals along the banks 
of Hoh River. The detailed examination of the region has 
been confined to the coast about Hoh Head and the lower part 
of Hoh River. The more important structural features may be 
seen by referring to Map A, Plate IV, and also to Plate XII. 
The interior region has not been examined in sufficient detail to 
warrant a statement concerning structural conditions. 

Near the mouth of Hoh River several smaller creeks have 
carved out low valleys extending to the river. The highest ele- 
vations are less than three hundred feet. The region is heavily 
timbered and is bordered on the ocean in most places with bold 
cliffs. There is a broad cove in Section 12 just south of Hoh 
Head. he land area just back from shore is composed of slide 
rock in a badly decomposed condition. Hoh Head is a bold 
rocky point jutting out into the ocean. Between the two points 
of this head there is a narrow cove. The rock formations in 
back of this cove are composed of sandy shale and shale all of 
which are involved in a slide. 

There are two formations outcropping in this region. ‘The 
older is designated as the Hoh and the later as Pleistocene 
gravels, sands and clays. The Hoh formation is composed of 
sandstone, shale and conglomerate. The total thickness of this 
formation, as represented on the western side of the Olympic 
peninsula, is over 10,000 feet. Within the area of this district 
only a part of this formation outcrops at the surface. Sand- 
stones and shales occur in equal amounts. The sandstones are 
massive, generally coarse grained, brown, and only occasionally 
are shale bands or bedding planes present so as to determine 


the strike and dip. In places they gradually grade into con- 
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glomerates. The shales are generally gray to chocolate colored. 
They often grade into sandy shales and these in turn into shaly 
sandstones. The shaly sandstones very often become massive 
and when freshly broken are seen to be composed of angular 
fragments of slate and quartzite. They possess a gritty ap- 
pearance but are sometimes banded. The bands are made up 
of scales of mica and fragments of dark heavier minerals. Sand- 
stone of this character seems to be interbedded with the shales 
and sandy shales in all localities where the Hoh formation out- 
crops. The sandy shales and shaly sandstones weather much 
more rapidly than the belts of massive sandstone and are com- 
monly involved in slides. Ultimately this material passes into 
a bluish gray mud. It generally possesses a distinct odor of 
petroleum and in several places yields seepages of it. A care- 
ful examination of specimens of the shale reveal the presence 
of microscopic diatoms. 

Within the area of this district there is one very well de- 
fined anticline trending northeasterly and passing through the 
southeast 14 of Section 12. The north limb of this anticline 
is well represented in the south point of Hoh Head by massive 
sandstones striking North 30° East and dipping 80° north- 
west. One half mile to the southeast, at Rocky Point, massive 
sandstone forms the southeastern limb of the anticline. Be- 
tween these two points the formation is composed of shale, 
sandy shale and shaly sandstone, badly involved in a. slide. 
These shales have a very pronounced odor of oil. The massive 
sandstone at Hoh Head originally arched over this anticline 
and connected with the sandstone and conglomerate on the south 
side. This has since been removed by erosion. The axis of this 
anticline passes out into the cove as indicated upon the map. 
Near its trend inland several pits have been sunk. One of these 
is eighteen feet deep. From its walls oil is slowly seeping into 
it. All the strata in the near vicinity give a pronounced odor of 
petroleum. 

A second small anticline enters the north side of Hoh Head 


from the northwest and trends South 60° East. It seems to die 
—10 
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out before crossing Hoh Head. <A third anticline possibly 
crosses the mouth of Hoh River into the northeast 14 of See- 
tion 19 but because of lack of good exposures its exact extent 
cannot be determined. Its probable position has been indi- 
cated upon the accompanying map. <A syncline extends from 
the center of Section 13 northeasterly but its extent cannot be 
determined. Another syncline enters the north point of Hoh 
Head from the ocean. It trends South 75° East and dies out 
before crossing the peninsula. A minor syncline is developed in 
the cove between the south and north points of Hoh Head. It 
is possible that this may swing and pass north into the cove on 
the north side where the trail comes down to the beach. 

Examinations of this district show that petroleum and gas 
are present in very small quantities but whether they exist in 
commercial amounts or not has not been demonstrated. If they 
are they should be sought for beneath the anticlinal axes. 

QUILLAYUTE RIVER DISTRICT. 

The area involved in this region .comprises the valley of 
Quillayute, Bogachiel and Soleduck rivers. It embraces parts 
of southwestern Clallam and northwestern Jefferson counties. 
Topographically the district is similar to that to the north in 
the vicinity of Ozette Lake and to the south towards Grays 
Harbor. With the exception of a small area near the junction 
of Bogachiel and Soleduck rivers, which is upper Miocene all 
of the preglacial formations belong to-the Hoh. The general 
character of the sandstones and shales have already been de- 
scribed in chapter two. The structural data may be referred 
to on Plate XI. The interpretation of this data when platted in- 
dicates the presence of two anticlines and one syncline in which 
the strata of the Hoh formation are involved. The axes of these 
folds have a general north-south to northwest-southeast trend. 
Their approximate position may be referred to upon Plate XI. 
The axis of the western anticline trends northwesterly parallel 
to the coast from Hoh River and then swings to the north and 
passes inland in Section 1, Township 27 North, Range 15 West. 


The eastern anticline trends southerly in Township 28 North, 
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Range 13 West, through Sections 2, 11, 16, 21, 28 and 33 into 
Jefferson County. The axis of the syncline trends southerly 
through Sections 23, 26 and 35, Township 28 North, Range 14 
West. The axis of the syncline is best indicated in the outcrops 
along Bogachiel River from the northwest 14 of the northwest 
TY, of Section 24, Township 28 North, Range 14 West, to a 
point about one mile westward down ce river. The western 
anticline should cross Quillayute River near the western bound- 
ary of Township 28 North, Range 14 West, about one and one- 
half miles below the junction of Soleduck and Bogachiel rivers. 
This conclusion has been arrived at from the projection of the 
strata inland in accordance with the strike and dip along the 
coast. The axis of the eastern limb involves the strata in the 
eastern part of the township forming the eastern boundary of 
Forks Prairie and underlies the prairie. On the headwaters of 
Elk Creek, Calawah River and Bear Creek the dip of the strata 
is easterly. On the western side of Forks Prairie, the surface of 
the country is low and flat and outcrops of bed rock strata are 
absent except in places along the banks of Bogachiel River. 
There the prevailing strike is north and south with a westerly 
dip. Where the axis of the anticline should cross Bogachiel 
River in Section $4, Township 28 North, Range 13 West, 
the sandstones indicate a nearly vertical dip and north to south 
strike and possess in places an odor of petroleum. 

That portion of the formation represented on the surface 
near the axis of the western anticline is apparently deeply 
buried along the eastern axis. Whether oil is present in com- 
mercial quantities can only be determined by boring upon the 
axis of one of the anticlines indicated upon one of the accom- 
panying maps of the region. An examination of shales en- 
countered in the well which is being bored by the Washington 
Oil Company at Forks indicates the presence of numerous 
species of foraminifera and it is presumably from these organ- 
isms that such gas and oil seepages as are present, were origin- 


ally derived. 
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OZETTE LAKE DISTRICT. 

The area involved in this district occupies Townships 29 
and 30 North, Ranges 14 and 15 West. It embraces a belt 
about twelve miles in width and fifteen in length bordering the 
coast. It extends from Quillayute River northward to the axial 
spur extending from the Olympic Mountains outward toward 
Cape Flattery. The region is densely covered with timber. 
The surface formations are largely composed of glacial deposits 
or a very thick veneer of soil. Along the coast the sandstones 
and shales of the Hoh formation are exposed. Inland they ap- 
pear at only a very few localities in the cliffs or along the river 
channels. The later Miocene strata which outcrop both to the 
south and to the north are absent in this district. The Hoh for- 
mation has been folded and the position of the anticlinal and syn- 
clinal axes have been inserted upon Map A, Plate IV. The char- 
acter of the strata has been described in chapter six. 

Wherever the gray shaly sandstones outcrop along the 
coast from the mouth of Quillayute river north to the Point of 
Arches there is usually a well defined odor of petroleum. In 
places a white scum issues through cracks and possesses an 
odor of oil. There is no means of predicting whether oil is 
present in commercial quantities or not. If present it will pre- 
sumably occur beneath the anticlinal axes and will be absent 
along the synclinal troughs. Along the coast line the positions 
of the anticlinal axes are fairly accurate but inland insufficient 
data has been obtained to determine the structure. The forma- 
tion involved, however, is the Hoh with which petroleum indi- 


ations elsewhere are associated. 
CONCLUSIONS. 


There seems to be sufficient evidence to warrant considering 
all of the Cascade Mountains as an extremely unfavorable 
region for the occurrence of petroleum deposits. In the western 
part of the state all areas where the formation is composed of 
basaltic lavas or of metamorphic rocks the same condition pre- 


vails. On the north slope of the Olympic Mountains, and in 
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most parts of southwestern Washington, there are formations 
present which might possibly contain petroleum deposits al- 
though there is no evidence at present available to directly sug- 
gest that they are present. On the western slope of the Olym- 
pic peninsula there are several small seepages of oil and gas and 
numerous localities where the odor of oil may be detected. The 
strata have been folded and oil may occur beneath the axes of 
the anticlines although it is impossible to determine whether it 
occurs in commercial quantities or not. Many so called oil 
seepages reported as occurring in other parts of the state con- 
sist only of a scum on water due to decaying vegetation. The 
gas which often is noted as issuing from pools of water is com- 
mon marsh gas which is due to the presence of decaying vege- 
tation. 
RECORD OF DRILLING OPERATIONS. 
COPALIS WELL. 

In 1901 a well was drilled by the Olympic Oil Company, 
which is now out of existence, near the mouth of Copalis River, 
in Grays Harbor County. This well is reported to have been 
drilled to a depth of 850 feet and to have encountered very 
small amounts of oil and gas at several depths. The surface 
exposures of rock in this region are almost entirely composed of 
Pleistocene sands and clays. At Copalis Rock, on the beach, 
gray sandy shales outcrop at the water’s edge and appear very 
similar to the sandy shales and shaly sandstones of the Hoh 
formation farther north. On account of a crooked hole the well 
was abandoned. During the same year a well was drilled in the 
same region by the Eldorado Oil Company to a depth of 350 
feet and is said to have passed through sandy shale for the en- 
tire depth. No oil was obtained but a flow of artesian water 


was encountered. 
LA PUSH WELL. 


The following year a well was drilled by the La Push Oil 
Company to a depth of 550 feet. The derrick is still standing, 
but operations ceased later in the same year that drilling began. 
The well is situated about three miles south of the mouth of 
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Quillayute River and one-half mile inland from the shore. The 
formation in this region is composed of Hoh shales and sand- 
stones. 


FORKS PRAIRIE WELL. 


This well is located in the southeast quarter of Section 9, 
Township 28 North, Range 13 West, about one mile south of 
Forks Post Office and two miles north of Bogachiel River in 
Clallam County. Drilling began in the autumn of 1912 and in 
December, 1914, the well had reached a depth of 2,050 feet. 
Gas and small amounts of oil were encountered at several depths. 
The strata as exposed in the outcrops in this region are a part 
of the Hoh formation. The well is being sunk upon the axis 
of an anticline trending nearly north and south. In a number 
of localities in the near vicinity of the well the strata yield a 
decided odor of oil and emit small quantities of gas. Gas and 
small amounts of oil were said to have. been encountered at sev- 
eral depths as the well was being sunk. The machinery consists 
of a standard rig operated by steam power. Boring was started 
with a 16-inch casing and continued to a depth of 100 feet. 
The following statement is the record of casing used in this 
well: 

100 feet 16-inch. 
300 feet 1214-inch. 
1062 feet 10-inch. 


1550 feet 8-inch. 
1980 feet 6%4-inch. 


HOW HEAD WELL. 


This well is situated in Section 12, Township 26 North, 
Range 14 West, about two miles north of the mouth of Hoh 
River in western Jefferson County. The formation in this 
vicinity consists of shales and sandstones of the Hoh formation 
which have been folded into anticlines and synclines. The Hoh 
Head well is being drilled on the axis of a northwest to south- 
east anticline immediately south of Hoh Head. Drilling was be- 
gun in September, 1913, and continued to a depth of 901 feet. 


The following log has been furnished by the Jefferson Oil Com- 
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tance from well N 0. 2. Up to the present time this well has been 
sunk to a depth of 986 feet. The strata passed through was 
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similar to that encountered in well Number 1. The following is 
a list of the casing used: 

44 feet 18-inch. 

78 feet 15%-inch. 

331 fee. 12%-inch. 

376 feet 10-inch. 

766 feet S8-inch. 

986 feet 6-inch. 

This property has been operated by the Jefferson Oil Com- 
pany of Aberdeen. 

QEUNIULT WELL. 

Immediately north of the mouth of Queniult River and south 
of Cape Elizabeth in Section 35, Township 22 North, Range 13 
West a well was drilled by the Indian Oil Company. The forma- 
tion involved in this region is the Montesano or upper Miocene. 
Just south of Cape Elizabeth a minor flexure in the form of a 
monoclinal fold extends northeast and southwest. On the sur- 
face of the bench at an elevation of about 250 feet a mound has 
been built up and at the apex of the mound there is a small 
crater filled with water from which gas is continuously bubbling 
forth. Within a few feet of the apex a well has been sunk to 
a depth of over 500 feet. In October, 1914, a new well was 
started near by and was sunk to a depth of 458 feet. The well 
was started with 10-inch casing. The machinery consists of 
a rotary rig operated by steam power. 

WILLAPA WELL. 

This well was drilled by the Willapa Harbor Oil Company 
near the town of Raymond, Pacific County. The formations en- 
countered consist of shales and sandstones of Oligocene age. 
Drilling was begun on August 29th, 1914, and on October 17th 
of the same year a depth of 1,445 feet had been reached. The 


following log has been reported by the company : 
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Drilling was started with ten-inch casing and continued with 
such to a depth of 350 feet. From the 350-foot level 81-inch 
casing was used to a depth of 1,154 fect. Below that depth 
61-inch casing was employed. 


CHICO WELL. 

This property is owned by the Kitsap Oil and Development 
Company of Bremerton, Washington, and is located in Section 
5, Township 24 North, Range 1 East, near Chico, in Kitsap 
County. Drillng was begun in December, 1913, and in De- 
cember, 1914, a depth of 1,408 fect had been reached. A stand- 
ard rig with hydraulic circulator was used and operated by 
steam power. Use was made of the following sized casing’ : 
12'%-inch for the first 170 feet; 10-inch for the next 450 feet ; 
8-inch for the following 875 feet and 6-inch for the remainder. 

This well was drilled on the north flank of the Newcastle 
anticline. The surface formations are composed of glacial drift. 
Below the drift are steeply tilted sandstones and shales of the 
middle Oligocene formation. No log is available for use in this 
report. 

BALLARD WELL. 

This well is located in Ballard in the northwestern part of 
Seattle. The surface formations are composed of very thick 
deposits of glacial drift which are presumably underlain with 
shales and sandstones of Oligocene age. In December, 1914, 
the well had been drilled to a depth of 1,700 feet. The well was 
started with 15-inch casing and later reduced to 12-inch, 10- 
inch, 8-inch and finally 61-inch casing. A standard rig was 
installed and operated with oil for fuel. 


PACIFIC STATES WELL. 

This property is located in Section 15, Township 15 North, 
Range 3 West, in Thurston County. Drilling was started in 
April, 1914, by the Pacific States Oil Company, and in De- 
eember, 1914, a depth of 750 feet had been attained. Opera- 


Or 


tions began with a Number 27 Star rig, but later a standard 
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rig was installed. The well was started with 12-inch casing and 


at the present level a ten-inch was employed. 


OILFIELD WELL. 

This property is owned by the Home Oil Company of Seattle 
and is located in King County in Section 12, Township 34 
North, Range 5 East. Drilling was begun in November, 1914, 
and in January of the following year a depth of 316 feet was 
reported. The well was started with 12-inch casing and a Key- 
stone rig. The geologic formation in this region is the estuarine 
phase of the Tejon Eocene but the surface deposits are com- 
posed of glacial drift. The Kocene sandstones and shales are 
a part of the south limb of the Newcastle anticline. 





APPENDIX. 


FAUNAL LOCALITIES IN WESTERN WASHINGTON.* 


A! 

One and one-half miles east of Vader, Lewis County, on the west 
bank of Cowlitz River in massive sandy shales of marine origin, situated 
in Section 27, Township 11 North, Range 2 West. Tejon series, upper 
Eocene. Old locality 3003. 

2 

On Olequa Creek about one mile above the junction of Olequa and 
Stillwater creeks, back of the old Cantwell place, in Section 29, Town- 
ship 11 North, Range 2 West. Tejon series, upper Eocene, Old locality 
3002. 


rf 
v 


On a small creek about one third mile from its junction with Brinn 
Creek, under an old bridge, in Section 25, Township 11 North, Range 3 
West. Tejon series, upper Eocene. Old locality 3001. 


5 
In Lewis County at a ledge just above the junction of Olequa and 
Stillwater creeks at Vader in Section 32, Township 11 North, Range 2 
West. Upper Eocene. Old locality 3004. 


6 
In Lewis County one mile west of junction of Stillwater and Olequa 
creeks on the former in Section 30, Township 11 North, Range 2 West. 
Upper Eocene, Old locality 3005. 
7 
On Coal Creek, Cowlitz County, one and one-half miles north from 
Inman Polson Logging Company’s store. 


8 
In Coal Creek, Cowlitz County, one mile north from Inman Polson 
_ Logging Company’s store, in brackish water shales, in Section 35, Town- 
ship 9 North, Range 3 West. Old locality 3007. 


9 
In Northern Pacific Railway cut one hundred feet east of Seattle 
Brewing & Malting Company’s brewery at Georgetown, South Seattle, 
in Section 20, Township 24 North, Range 4 East. Oligocene. Old lo- 
cality 3008. 
10 
About one thousand feet south of Alki Point, West Seattle, in Oligo- 
cene shales outcropping at the water’s edge in Section 15, Township 24 
North, Range 3 Hast. Old locality 3009. 





*From Tertiary Faunal Horizons of Western Washington, University of 
Washington Publications in» Geology, Vol. I, No. 1, pp. 8-22. 
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a 

At northeast corner of rock outlier at Duwamish station in Section 

10, Township 23 North, Range 4 Hast. Tejon series, upper Eocene. 
Marine sandstone. Old locality 3010. 


: 12 
In Northern Pacific Railway cut one-half mile north of Cathcart 
Station, Snohomish County, in Section 6, Township 27 North, Range 6 
Bast. Locally known as Fiddlers Bluff. Oligocene. Old locality 3011. 


13 
In marine sandstones on north side of Restoration Point, Kitsap 
County, opposite Seattle, in Section 12, Township 24 North, Range 2 
East. Oligocene. Old locality 3012. 


14 
On the south fork of Ostrander Creek two hundred feet south from 
a point where the logging road crosses, which is 1130 feet from the 
town of Ostrander. In Section 12, Township 8 North, Range 2 West, 
in brackish water upper Eocene shales. 


18 
In Cowlitz County in Coal Creek 6500 feet up creek from Inman 
Polson Logging Company’s store. In section 35, Township 9 North, 
Range 3 West. Upper Eocene. Old locality 135. 


20 
In Cowlitz County 13,000 feet up Coal Creek from wagon bridge 
crossing. Upper Eocene. Old locality 136. 


21 
In Cowlitz County 14,000 feet up Coal Creek from wagon bridge 
crossing. Upper Eocene. Old locality 137-B. 


22 
On east side of Ilwaco Point in Section 4, Township 9 North, Range 
11 West, in shales which are interbedded with basalts. At traverse 
station 32. 
23 
In bluff on north side of Columbia River one-half mile east of the 
town of Ilwaco in Section 34, Township 10 North, Range 9 West. Prob- 
ably Oligocene. 
24 
At Knappton, Pacific County, on north side of Columbia River in 
bluff back of cook house of Knappton Lumber Mill in Section 8, Town- 
ship 9 North, Range 9 West. Oligocene. Old locality 139. 


25 
In Pacific County in bank of Nasel River two and one-half miles 
east of the town of Nasel in Section 11, Township 10 North, Range 9 
West. Oligocene. Old locality 140. 
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27 
In Pacific County 700 feet up Alder Creek from its junction with 
the east fork of Nasel River in Section 15, Township 11 North, Range 
8 West, in a fine dark colored tuffaceous shale interbedded with tufts 
and basalts. Oligocene. Old locality 151. 


28 
In Pacific County 12,000 feet up Hull Creek from the hotel at town 
of Gray’s River in Section 6, Township 10 North, Range 7 West. Oligo- 
cene. Old locality 154. 
29 
In Pacific County 15,000 feet up Hull Creek from the hotel at town 
of Gray’s River in Section 6, Township 10 North, Range 7 West. Oligo- 
cene. Old locality 155. 
30 
Sea cliff between Point Grenville and Taholah in Section 13, Town- 
ship 21 North, Range 13 West. Upper Miocene. 


31 
In railway cut, O.-W. R. R. & N. Co., one-half mile west of Lincoln 
Creek Station, Lewis County, in Section 36, Township 15 North, Range 
3 West. Oligocene. Old locality 181. 


32 
West of the county wagon bridge over Lincoln Creek in sandy 
shale, near Lincoln Creek Station. Old locality 180. 


33 
Six thousand feet east of Helsing Junction on the O.-W. R. R. & N. 
Co. in Thurston County. Eocene. Old locality 182. 


34 
In Pacific County on Grays River two miles beyond its junction with 
Blaney Creek in Section 19, Township 11 North, Range 6 West, in a 
dark tuffaceous shale. Oligocene. Old locality 158. 


35 
In Pacific County on Nemah River at wagon bridge crossing, four 
miles east of Nemah post office in Section 33, Township 12 North, 
Range 8 West. Shales interbedded with basalt. Old locality 167. 


36 
Exposure at old wagon road trestle along Willapa River at the town 
of Willapa. In Section 22, Township 14 North, Range 7 West. Oligo- 
cene. Old locality 170. 





37 
In Pacific County at Northern Pacific Railway bridge below Lebam 
Station in Section 6, Township 12 North, Range 7 West. Oligocene. 
Old locality 175. 
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38 
At bridge over Chehalis River northwest of Pe Ell station at power 
station in Section 34, Township 13 North, Range 5 West. Old locality 
176. 
39 
One mile northwest of Pe Ell station in Lewis County on west side 
of Chehalis River, in Section 33, Township 13 North, Range 5 West. 
Old locality 177 A. 
40 
In Northern Pacific Railway cut 67 miles north of Portland. 


41 
In bank of small creek below Booth’s house near junction with 
Stillwater Creek, in Section 25, Township 11 North, Range 3 West. 


42 
In railway cut O.-W. R. R. & N. Co. two thousand feet east of the 
Oakville wagon bridge over Chehalis River, in Section 1, Township 15 
North, Range 5 West. Upper Eocene. Old locality 184. 


43 
In the bluff of Lankner Creek, Grays Harbor County, 16,000 feet 
up from the O.-W. R. R. & N. Co. crossing in Section 25, Township 17 
North, Range 6 West. Oligocene. Old locality 185. 


44 
In the bluff of Lankner Creek, Grays Harbor County, 18,000 feet 
up from the O.-W. R. R. & N. Co. crossing in Section 25, Township 17 
North, Range 6 West. Oligocene. Old locality 187. 


45 
In the bluff of Lankner Creek, Grays Harbor County, 25,000 feet 
up from the O.-W. R. R. & N. Co. crossing in Section 33, Township 17 
North, Range 6 West. 
46 
In Grays Harbor County in O.-W. R. R. & N..Co. cut at culvert 38 
east, 24,000 feet west from South Elma, in Section 7, Township 17 
North, Range 6 West. Upper Miocene. Old locality 263. 
47 
Chicago, Milwaukee & St. Paul Railway cut 1,000 feet south from 
O.-W. R. R. & N. Co.’s track in Section 29, Township 17 North, Range 
8 West. Lower Miocene. 
49 
In Section 25, Township 16 North, Range 8 West, on North River, 
Grays Harbor County. Lower Miocene. 


50 
In the banks of Wynoochee River, Grays Harbor County, 35,000 
feet north of Otter Postoffice and 12,000 feet south of Reinkens’ farm 
in Section 22, Township 19 North, Range 8 West. Upper Miocene. 


oe | 
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51 
Five hundred feet north of locality 50 on Wynoochee River, Grays 
Harbor County. 





52 
In bluff on Wishkah River, northwestern part of Aberdeen, at a 
point where road to Grand Forks first reaches river after leaving 
Aberdeen in Section 9, Township 17 North, Range 9 West. Upper 
Miocene. Old locality 711. 
5 
Wahkiakum County in west bank of Alockaman River in Section 
35, Township 10 North, Range 5 West. Lower Miocene. Old locality 
number 210. Arca montereyana abundant in nodules. ; 


54 
Four hundred feet south of locality number 53 in west bank of 
Alockaman River. Fossils abundant. Lower Miocene. Old locality 211. 
56 
In bank of creek in NW% of section 6, Township 9 North, Range 5 
West, in Wahkiakum County. Oligocene. Old locality 213. 
57 
In bluff on branch of Wilson Creek in Section 36, Township 10 
North, Range 6 West, Wahkiakum County. Oligocene. Old locality 214. 
58 
Nasel River. On Pentler’s ranch, one mile west of point where 
wagon road crosses to south side. Oligocene. 
59 
On Fossil Creek near log dam in east part of Section 10 and west 
part of Section 11,.Township 10 North, Range 6 West, in Wahkiakum 
County. Oligocene. Old locality 29. 


60 
‘Bluff on Chehalis River along O.-W. R. R. & N. Co. track at mile- 
post 37, about four miles west of South Elma, in Section 11, Township 
17 North, Range 7 West. Upper Miocene. Old locality 50. 


- 61 

Vance logging road at old milepost in coarse grained sandstone in 
Section 28, Township 18 North, Range 6 West. Upper Miocene. Old 
locality 51. 

63 

East branch of Clements logging road south of Montesano in 
Grays Harbor County in the Northwest quarter of Section 28, Town- 
ship 17 North, Range 7 West. Lower Miocene. Old locality 54. 


64 
East branch of Clements logging road one-half mile east of where 
county wagon road crosses, in Section 27, Township 17 North, Range 7 
West. Lower Miocene. Old locality 55. 
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65 
On east branch of Clements logging road one-half mile east of 
where county wagon road crosses in Section 29, Township 17 North, 
Range 7 West. Lower Miocene. Old locality 56. 


66 
On east branch of Clements logging road, one mile west of county 


wagon road intersection in Section 29, Township 17 North, Range 7 
West. Lower Miocene. Old locality 57. 


67 
Bluff on Chehalis Logging Company road one mile west of Monte- 
sano in Section 6, Township 17 North, Range 7 West. Lower Miocene. 
Old locality 58. 
68 
Logging railway cut on Sylvia Creek in a conglomerate of upper 
Miocene age, in Section 32, Township 18 North, Range 7 West. Old 
locality 59. 
69 
Along logging railway in cut on Sylvia Creek, one-half mile north 
of locality 68 in conglomerates. Upper Miocene. 


70 
Five hundred feet north of junction of north branch of east fork of 
Wilson Creek in Wahkiakum County on former, in Section 36, Town- 
ship 10 North, Range 6 West. 
71 
Two miles up middle fork of Skamokawa River from junction with 
main river in Wahkiakum County, Section 32, Township 10 North, 
Range 6 West. Oligocene. Old locality 216. 


72 
Wahkiakum County, on McDonald Creek, two miles above its junc- 
tion with the middle fork of Wilson Creek, in Section 28, Township 10 
North, Range 6 West. Oligocene. Old locality 217. 
3 
Station 31 on Nasel River traverse line, Pacific County, Section 6, 
Township 10 North, Range 8 West. Oligocene. Old locality 223. 


74 
Station 34, Nasel River traverse line, Pacific County, in Section 6, 
Township 10 North, Range 8 West. Oligocene. Old locality 224 a. 
75 
Station 73, Nasel River traverse line, Pacific County, in Section 25, 
Township 11 North, Range 9 West. Oligocene. Old locality 229. 
76 
Station 16,.Nasel River traverse line, Pacific County, in Section 6, 
Township 10 North, Range 8 West. Oligocene. Old locality 231. 


eel 


77 
Station 22, Nasel River traverse line, Pacific County, in Section 6, 
Township 10 North, Range 8 West. Lower Miocene. Old locality 238. 































80 
1600 feet above first railroad bridge on Willapa River below Hol- 
comb in Section 25, Township 13 North, Range 8 West. In Oligocene 
shales. Old locality 241. 
81 
One-half mile up Green Creek from Willapa River in Pacific 
County in Section 26, Township 13 North, Range 8 West. Oligocene. 
Old locality 241. 
82 
1200 feet above highway bridge near mouth of Green Creek. Old 
locality 242. 
F 83 
7050 feet up Green Creek from Willapa River, Pacific County. 
Oligocene. Old locality 248. 
84 
7750 feet up Green Creek from Willapa River, Pacific County. 
Oligocene. Old locality 244. 
85 
8250 feet up Green Creek from Willapa River, Pacific County, in 
Oligocene shales. Old locality 245. 


86 
8880 feet up Green Creek from Willapa River, Pacific County, in 
Oligocene shales. Old locality 246. 


87 
11,350 feet up Green Creek from Willapa River, Pacific County, in 
Oligocene shales. Old locality 247. 


90 
In bluff north side Chehalis River 2240 feet west of Porter station 
along Northern Pacific Railway track. Oligocene. jrays Harbor 
County in Section 21, Township 17 North, Range 5 West. Old locality 
260. 

92 
On North River branch of Chicago, Milwaukee & St. Paul Railway 
grade 3000 feet north of point where wagon road goes up Vesta Creek, 
near Chamber’s farm, Grays Harbor County, Section 25, Township 16 
North, Range 8 West. Lower Miocene. Old locality 265. 


93 
22,000 feet up Wynoochee River from Otter Post Office, in SW% 
of Section 5, Township 18 North, Range 8 West. Upper Miocene. Old 
locality 270. 
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94 
Bluff back of Lincoln School in Hoquiam, Grays Harbor County. 
Poorly preserved specimens of Scutella gabbi. Upper Miocene. 


96 
28,000. feet up Falls Creek from Brooklyn in Pacific County, in Sec- 
tion 10, Township 15 North, Range 6 West. Old locality 281, 


97 
In Section 34, Township 15 North, Range 7 West, in a small creek 
entering North River just north of Grays Harbor-Pacific County line. 
Lower Miocene. Old locality 282. 
98 
Bluff on Willapa River, between Hoicomb and the railroad bridge 
west of town in Section 36, Township 15 North, Range 8 West. Oligo- 
cene. Old locality 283. 
99 
On Wishkah River wagon road one mile north of Aberdeen in Sec- 
tion 4, Township 17 North, Range 9 West. Upper Miocene. Old lo- 
eality 191. 
100 
On wagon road cut up Wishkah River road one and one-half miles 
below Wishkah Post Office in Section 11, Township 18 North, Range 9 
West. Old locality 192. 
101 
One mile beyond Wishkah Post office in bank of river in Section 
35, Township 19 North, Range 9 West. Upper Miocene. Old locality 
193. 
102 
Station 8837 Neah Bay-Cape Flattery traverse. About one-half mile 
west of Kaitlab Point in the cliffs. Oligocene. 


103 
At station 996, Neah Bay-Cape Flattery traverse. About one mile 
west of Kaitlab Point in the sea cliffs. Lower Miocene. 


105 
About 200 feet east of Slip Point light house, west of Clallam Bay 
on coast line. Lower Miocene. Old locality 92. 


109 to 109 
At base of cliff, Slip Point, east of Clallam Bay on coast. Lower 
Miocene. Old locality 92A. 
111 
Mouth of Maxfield Creek in southwest quarter of northwest quarter 
of Section 28, Township 28 North, Range 14 West. Old locality 94. 


112 
Southeast quarter of northwest quarter of Section 16, Township 28 
North, Range 14 West. Old locality 95. 
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ills: 
Twenty feet east of line of Lot 1, Section 27, plans 28 North, 
Range 14 West. 






114 
Northeast quarter of northwest quarter of Section 27, Township 28 
North, Range 14 West. Old locality 96. 


115 
In brown sandstone on Soleduck River bluff about center of Sec- 
tion 20, Township 28 North, Range 14 West. Old locality 97. 


. abil, 
Station 161, Wishkah River traverse. In bank of river in Section 
30, Township 20 North, Range 8 West, Grays Harbor County. Upper 
Miocene. Old locality 2032. 
118 
Middle fork of Wishkah River 300 feet south of locality 117 in 
bank of river. Upper Miocene. Old locality 2033. 


119 
Middle fork of Wishkah River 1200 feet south of locality 117 in 
bank of river. Upper Miocene. Old locality 2033A. 


120 
Middle, fork of Wishkah River 100 feet south of locality 117 in bank 
of river. Upper Miocene. Old locality 2034. 


121 
Middle branch of Wishkah River in east central part of Section 31, 
Township 20 North, Range § West. Upper Miocene. Old locality 2035. 


Ee 
Middle branch of Wishkah River, 800 feet west of locality 121. Up- 
per Miocene. Old locality 203 
123 
Middle branch of Wishkah River in south central part of Section 
36, Township 20 North, Range 9 West. Upper Miocene. Old locality 
2037. 
124 
Middle branch of Wishkah River 1000 feet southwest of locality 
123. Upper Miocene. Old locality 2038. 


125 
Middle branch of Wishkah River in southwest quarter of Section 
1, Township 19 North, Range 9 West. Upper Miocene. Old locality 2039. 


126 
One and one-half miles north of Hoquiam on road to Copalis in a 
cut on west side of road, in Section 34, Township 18 North, Range 10 
West. Upper Miocene. Old locality 901. 
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128 
At survey stake 388 on North River branch of Chicago, Mil- 
waukee & St. Paul Railway in Grays Harbor County in Section 29, 
Township 17 North, Range 8 West. Lower Miocene. Old locality 903. 


129 
In south bank of south fork of Stillaguamish River in Section 11, 
Township 30 North, Range 6 Hast, Snohomish County. Oligocene. 


130 
On west bank of Wilson Creek, Pacific County, one mile west of 
Willapa Post Office, in Section 21, Township 14 North, Range 8 West. 
Oligocene. 
131 
Logging railroad cut one mile west of Montesano, Grays Harbor 
County, in Section 1, Township 17 North, Range 8 West. Lower Mio- 
cene. 
132 
North River branch of Chicago, Milwaukee & St. Paul Railway, 
300 feet south and up hill from culvert 38 of O.-W. R. R. & N. Co. track 
in Section 29, Township 17 North, Range 8 West. Lower Miocene. Old 
locality 1000. 
UBS 
North River branch of Chicago, Milwaukee & St. Paul Railway, 200 
feet to the southwest from locality 132. 


135 
Railway cut on North River branch of Chicago, Milwaukee & St. 
Paul Railway in the northeast quarter of the northwest quarter of Sec- 
tion 29, Township 17 North, Range 8 West. Lower Miocene. Old lo- 
eality 1008. 
136 
Railroad cut 300 feet west of locality 135. Lower Miocene. Old lo- 
cality 1009. 
137 
Bluff in wagon road along east side of Wynoochee River one mile 
south of Bitter Creek in Section 35, Township 18 North, Range 8 West. 
Lower Miocene. 
138 
In bank of Wynoochee River along wagon road 600 feet north of 
station 137. Lower Miocene. 
140 
Cut in south side of “Think of Me” hill in East Aberdeen, Grays 
Harbor County. Upper Miocene. 


141 
Northern Pacific Railway cut 3000 feet east of locality 140, Aber- 
deen. 


Appendix 309 





z 142 
Northern Pacific Railway cut 270 feet east of locality 141, Aber- 
deen. 





144 
Stratum 20 feet stratigraphically above that at locality 142 in the 
Northern Pacific Railway cut east of Aberdeen. 


145 
In cut at Aberdeen, Grays Harbor County, at corner Summit and 
_- Chehalis streets. 
. 146 
Survey stake 110 on Chicago, Milwaukee & St. Paul Railway at 
Cosmopolis, Grays Harbor County, in section 23, Township 17 North, 
Range 9 West. Upper Miocene. 
147 
Railroad cut on Chicago, Milwaukee & St. Paul Railway track 400 
feet east of locality 146. 
148 
Ocean bluff one mile north of Point Grenville in Section 13, Town- 
ship 21 North. Range 13 West. Upper Miocene. 


gy 
Log dam number 35 on the west fork of Wishkah River in Section 
35, Township 20 North, Range 9 West. Upper Miocene. Old locality 
number 100,006. 
152 
One hundred feet south of locality 151 in canyon of West branch 
of Wishkah River. 
154 
North side of Restoration Point, Kitsap County. Oligocene. 


155 
Small creek emptying into Coal Creek, King County in Section 23, 


Township 24 North, Range 5 East. Oligocene. 


156 
Southeast quarter, Section 13, Township 24 North, Range 5 East, 
one mile west of Lake Sammamish, King County. Oligocene. 


absié 
One mile east of locality 156 in Section 14, Township 24 North, 


Range 5 Hast. Lower Miocene. 
158 


One-fourth mile north of Woodman's station on shore of Port Dis- 
covery Bay in Section 5, Township 29 North, Range 1 West. Oligocene. 


159 
' Three hundred feet north of locality 158 on east shore of Port Dis- 


covery Bay. 
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160 
Bluff at Porter Station in N. P. Railroad cut in Section 22, Town- 
ship 17 North, Range 4 West. Oligocene. 


161 
In wagon road cut one-half mile east of Porter in Section 27, Town- 
ship 17 North, Range 4 West. Oligocene. 


162 
On western shore, Port Townsend Bay, in Section 36, Township 30 
North, Range 1 West. Oligocene. 


163 
On western shore Port Townsend Bay in Section 36, Township 30 
North, Range 1 West. Oligocene. 


164 
At Restoration Point, Kitsap County. 


165 
Oak Bay on western shore just south of ship canal spit, in Section 
7, Township 29 North, Range 1 East. Oligocene. 


166 
Six hundred feet west of Porter station in Northern Pacifie Rail- 
way cut, Section 22, Township 17 North, Range 5 West. Oligocene. 
167 
Wagon road cut on Wilson Creek, Pacific County, in Section 21, 
Township 14 North, Range 8 West. Oligocene. 


168 
Old embankment along Willapa River at trestle in Section 27, 


Township 14 North, Range 8 West, one-half mile south of Willapa Post 
Office, Pacific County. Oligocene. 
169 
Oakville quarry, in sandstone overlying basalt, one mile west of 
Oakville, Grays Harbor County, on Northern Pacific track. Section 19, 
Township 16 North, Range 4 West. Oligocene. 


170 
Half Moon Creek, Pacific County, in Section 34, Township 13 North, 
Range 7 West. 
172 
Street cut Columbia City, Seattle, at 50th Avenue South, and one 
and one-half blocks south of Ferdinand Street. Oligocene. 
1738 
Street grade Columbia City, Seattle, corner 42nd Street and Juneau 
Street. Oligocene. 
176 
Bank of small stream entering Satsop River from west, in Section 
23, Township 18 North, Range 7 West. Upper Miocene. 


‘ 
i 


Pa 
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174 
Bank of small stream entering Satsop River from west, in Section 
23, Township 18 North, Range 7 West. Upper Miocene. 




























LTS 
Bank of small stream entering Satsop River from west, in Section 
23, Township 18 North, Range 7 West. Upper Miocene. 

177 
Ocean cliff south from Hoh River in Section 32, Township 26 North, 
Range 13 West. Probably upper Miocene. Jefferson County. 

178 

Bluff along south shore of Strait of Juan de Fuca in Clallam Coun- 
ty, one and one-half miles west of Twin Post Office, Section 22, Town- 
ship 31 North, Range 10 West. Oligocene. 


179 
1000 feet west of mouth of West Twin River in Section 22, Town- 
ship 31 North, Range 10 West. Oligocene. 


180 
Oak Bay, Jefferson County, in cliff in north half of Section 18, 
Township 29 North, Range 1 East. Oligocene. 


181 
Cape Elizabeth, Grays Harbor County, Section 34, Township 21 
North, Range 13 West. Upper Miocene. 


182 
Six hundred feet south of Keyhole at Cape Elizabeth, Grays Harbor 


County. Upper Miocene. 
185 


One and one-fourth miles north of Point Grenville, Grays Harbor 
County, Washington, in Section 25, Township 21 North, Range 13 West. 


Upper Miocene. 
187 


‘Cut along street car track in north end of Columbia City, Seattle. 
Oligocene. 

188 
King coal mine north of Issaquah, King County, in Section 22, 
Township 24 North, Range 7 West. Lower Miocene. 


189 
Conglomerate bank along Silvia Creek, Grays Harbor County, in 
Section 32, Township 18 North, Range 7 West. Upper Miocene. 


192 
Columbia City, Seattle, from hill six blocks west of City Hall. Oli- 


gocene. 
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193 
Bluff north side of mouth of Raft River, Grays Harbor County, Sec- 
tion 21, Township 23 North, Range 13 West. Upper Miocene. 


194 
At culvert 38, in bluff along O.-W. R. R. & N. Co. track, 14 miles 
west of South Montesano, Grays Harbor County. Upper Miocene. 


195 
Section 25, Township 10 North, Range 9 West. Oligocene. Pacific 
County. 
196 
Two miles west of Winlock, Lewis County, in bank of a creek in 
Section 20, Township 12 North, Range 2 West. Oligocene. 
197 
Three-fourths mile north of Point Grenville, Grays Harbor County, 
Washington. Upper Miocene. 
199 
Cut in left hand branch of Clement’s logging road three-fourths 
mile west of wagon road intersection in Section 20, Township 17 
North, Range 7 West. 
200 
Cut in Northern Pacific Railway one mile east of railroad bridge 
over Wishkah River at Aberdeen, Grays Harbor County. Upper Mio- 
cene. Old locality number 412. : 
201 
One and one-half miles north of Point Grenville in cliffs along 
ocean. 
202 
One and three-fourths miles north of Point Grenville in cliffs along 
ocean. 
203 
Five hundred feet west of railway station at Porter in cut of 
Northern Pacific Railway, Grays Harbor County. Former locality 406. 
204 
Cliff along shore line in northwest quarter, Section 15, Township 
22 North, Range 13 West. Upper Miocene. North of Cape Elizabeth. 


205 
East center portion of Section 9, Township 22 North, Range 13 
West, north of Cape Elizabeth. Upper Miocene. 


206 
Exposure on Germany Creek, Cowlitz County, in Section 12, Town- 
ship 9 North, Range 4 West. Oligocene. 
207 
Cut back of Olympic Foundry, South Seattle, King County, in a 
bluff along east side of Duwamish Valley. Oligocene. North half, 
Section 20, Township 24 North, Range 4 East. 
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209 
Bluff in main branch of Wishkah River in Section 27, Township 
19 North, Range 9 West. Upper Miocene. 


215 
In Section 29, Township 17 North, Range 8 West, in cut on North 
River branch of Chicago, Milwaukee & St. Paul Railway. 


218 
Denny Renton mine Number 2, Second level, in Section 3, Town- 
ship 22 North, Range 7 Hast. In brackish water phase of Eocene at 
Taylor. 
219 
Denny Renton Coal mine Number 6, at Taylor, King County, in 
Section 3, Township 22 North, Range 7 Hast. In brackish water phase 
of Eocene. 
220 
One-half mile east of Dewamish in a small creek at a point where 
a well has been sunk, in northwest quarter, Section 11, Township 23 
North, Range 4 East. Eocene brackish water strata. 
221 
Fossil ledge above Franklin wagon bridge in Green River in Sec- 
tion 19, Township 21 North, Range 7 Hast. Brackish water Eocene. 


222 
Cut in Northern Pacific Railway track, one mile south of Duwamish 
Station, King County, in Section 14, Township 23 North, Range 4 East. 
Brackish water Eocene. 
224 
Section 5, Township 18 North, Range 6 West, in logging road cut, 
Chehalis County. Upper Miocene, coarse grained, cross bedded sand- 
stone. 
226 
One mile up Olequa Creek above Winlock in Lewis County. Sec- 
tion 29, Township 12 North, Range 2 West. Eocene. 


228 
Railroad cuts one mile north of Cathcart Station along Northern 
Pacific Railway. In Section 31, Township 28 North, Range 9 East. Oli- 
gocene. 
229 
Cuts along road and in Wynoochee River banks one mile south of 
junction with Bitter Creek in Section 35, Township 18 North, Range 8 
West. Lower Miocene. Collection of August, 1913. Old locality Num- 
ber 102. 
230 
A cut in the North River branch of Chicago, Milwaukee & St. Paul 
Railway about two miles beyond its junction with the O.-W. R. R. & 
N. Co. Lower Miocene. Grays Harbor County. Collected July, 1913. 
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231 
Olequa Creek about three-fourths of a mile north of Vader, just 
south of big bend in creek. A small band of fossils. In Section 29, 
Township 11 North, Range 2 West. Marine Eocene. 


232 
West bank and cliff of Cowlitz River, one thousand feet below bend 
and below locality 233, in Section 11 North, Range 2 West. Marine 
Eocene. 
233 
West bank and cliff of Cowlitz River at bend in Section 28, Town- 
ship 11 North, Range 2 West. Fossils in an excellent state of preserva- 
tion. Marine Eocene. 
234 
A narrow band of strata in Olequa Creek about three-fourths of a 
mile north of Vader just south of big bend in creek. About eight feet 
stratigraphically above locality 231. In Section 29, Township 11 North, 
Range 2 West. Marine Eocene. 


235 
West bank of the mill pond of the O'Connell Lumber Company up 
Olequa Creek one-half mile above depot at Winlock in Section 28, 
Township 12 North, Range 2 West. Oligocene. Occurs in residual 
patches. 
236 
Stillwater Creek, Lewis County, 2200 feet above its junction with 
Olequa Creek in Section 30, Township 11 North, Range 2 West. 
Eocene. 
237 
Olequa Creek one-fourth mile above Vader Station in east bank of 
creek just north of point where small creek enters Olequa Creek from 
the east. In Section 29, Township 11 North, Range 2 West. Eocene. 


238 
On Olequa Creek three-fourths of a mile north of Vader Station in 
bend just north of anticlinal axis, about five hundred feet south of lo- 
cality 231. Section 29, Township 11 North, Range 2 West. Eocene. 


239 
Northeast quarter of Section 25, Township 11 North, Range 2 West, 
on east side of Cowlitz River three-fourths of a mile above ferry on 
Mr. Greece’s farm. Oligocene. 


240 
East bank of Olequa Creek about one-third mile below its junction 
with Stillwater Creek and just below Northern Pacifie Railroad bridge. 
In Section 32, Township 11 North, Range 2 West. Eocene. 
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241 
Bank of Stillwater Creek about one and one-half miles above junc- 
tion with Olequa Creek in Section 30, Township 11 North, Range 2 
West. Marine Eocene. 





242 
Between localities 233 and 232 in bank of Cowlitz River in Sec- 
tion 28, Township 11 North, Range 2 West. Eocene. 


243 
Coal Creek, Cowlitz County, at the main camp of the Inman Polson 
Logging Company on the north bank of the creek immediately back of 
the Y. M.C. A. shack. There is a 10-foot bank composed in large part 
of massed and broken shells, in Section 27, Township 9 North, Range 
3 West. Eocene. 
244 
Bank of Coal Creek, Cowlitz County, about one-half mile below 
Inman Polson Company's store. Oysters. Section 11, Township § 
North, Range 3 West, near center of section. Eocene. 


245 
Bank of Coal Creek, Cowlitz County, about one-fourth mile down 
stream from Inman Polson Company’s store. An oyster bed about 
twelve inches thick. In northeast corner of Section 11, Township 8 
North, Range 3 West. Eocene. 
246 
East bank of Coal Creek about one-fourth mile below school house 
in a small sandy ledge at foot of cliff. In Section 35, Township 9 
North, Range 3 West, near center of section. Eocene. 
247 
Coal Creek, Cowlitz County, about one and one-half miles below 
Inman Polson Company’s store at the old dam in the extreme south- 
west quarter of Section 11, Township 8 North, Range 3 West. Eocene. 


248 
Coal Creek, Cowlitz County, about one and one-fourth miles down 
stream below Inman Polson Logging Company’s store on the east bank 
in the canyon. In southeast quarter of southeast quarter of Section 10, 
Township 8 North, Range 3 West. 


249 
Coal Creek, Cowlitz County, about one and one-fourth miles down 
stream below Inman Polson Logging Company’s store on the west bank 
of the creek in the canyon and opposite locality 248. Mostly oysters. 
In Section 10, Township 8 North, Range 3 West. Eocene. 


250 
Alockaman River in Wahkiakum County about one-half mile above 
the forks on the east fork. A small ledge at the water’s edge at the 
foot of a 30-foot cliff. Near boundary line between Sections 25 and 
24, Township 10 North, Range 5 West. Lower Miocene. 
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251 
- Alockaman River in Wahkiakum County near the center of the 
southeast quarter of Section 26, Township 10 North, Range 5 West, on 
the Clinton Olmstead homestead. Oligocene. 


255 ¥ 
In railroad cut on the O.-W. R. & N. Co. one-fourth mile north of 
Lincoln Creek Station in Section 26, Township 15 North, Range 3 West. 
Oligocene. 
256 
In railroad cut on O.-W. R. R. & N. Co. one mile north of Lincoln 
Creek Station in Section 27, Township 15 North, Range 3 West. Oligo- 
cene. 
257 
North bank of Columbia River, two hundred feet west of the mouth 
of Sisson Creek in Wahkiakum County in Section 6, Township 9 North, 
Range 8 West. Oligocene. 
258 
One-half mile west of Twin Postoffice, Clallam County, in sea cliff 
in Section 27, Township 31 North, Range 10 West. Oligocene. 


259 
Two miles west of Gettysburg, Clallam County, in sea cliff in 
northwest quarter, Section 29, Township 31 North, Range 9 West. Oli- 
gocene. 
261 
Cliff on north shore of Columbia River about one-half mile east of 
Knappton, Pacific County. Fossils occur in nodules. In Section 9, 
Township 9 North, Range 9 West. Oligocene. 


262 
One and one-eighth miles west of Lincoln Creek Station in bluff 
along O.-W. R. R. & N. Co. in Lewis County. In Section 26, Township 
14 North, Range 3 West. Oligocene. 


2638 
Bluffs along bend in Cowlitz River in Section 28, Township 11 
North, Range 2 West. Marine upper Eocene. 


264 
Bluff on south side of Bear River, Pacific County, on line between 
Sections 20 and 21, Township 10 North, Range 10 West. Oligocene. 


265 
Bluff on east side of Shoalwater Bay, Pacific County in Section 29, 
Township 11 North, Range 10 West. Oligocene. 


267 
East shore of Port Discovery Bay in Jefferson County in Section 5, 
Township 29 North, Range 1 West. Oligocene. 
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M 268 

South shore Strait of Juan de Fuca in Clallam County, about three 
miles west of Piller Point, in Section 32, Township 31 North, Range 12 
West. Lower Miocene. 






269 
Shore of Strait of Juan de Fuca in Clallam County one mile and 
a half west of the coal mine in Section 23, Township 32 North, Range 
12 West. Lower Miocene. 
270 
Cliff south shore of Strait of Juan de Fuca in Clallam County in 
Section 21, Township 32 North, Range 12 West. Lower Miocene. 


271 
a Cliff south shore of Strait of Juan de Fuca in Clallam County in 
_ Section 22, Township 31 North, Range 9 West, about one thousand 
feet west of locality 258. Lower Miocene. 


272 
Cliff south shore of Strait of Juan de Fuca in Clallam County in 


Section 19, Township 31 North, Range 9 West. About one mile west 
of locality 259. Lower Miocene. 


273 
Cliff south shore of Strait of Juan de Fuca in Clallam County, in 
Section 24, Township 31 North, Range 10 West, about one-half mile 
east of east fork of Twin River and just east of rocky bluff. Lower 
Miocene. 
274 
Cliff south shore of Strait of Juan de Fuca in Clallam County in 
_ Section 21, Township 31 North, Range 10 West. Lower Miocene. 


276 
Old Washington Geological Survey collection of 1902 from Cowlitz 
County, in Section 11, Township 9 North, Range 2 West. Eocene. 
Former locality 3. 
277 
Old Washington Geological Survey collection of 1902 from Cowlitz 
County in Section 25, Township 9 North, Range 2 West. The Pecten 
locality east of Castle Rock. Eocene. Former locality 2. 


278 
Old Washington Geological Survey collection of 1902 from Cowlitz 
County in Section 13, Township 9 North, Range 2 West. Eocene. For- 
mer locality 4. 
279 
Old Washington Geological Survey collection of 1902 from Cowlitz 
County on Arkansas Creek, three miles west of Castle Rock. Eocene. 
Former locality 5. Pectens are common. 
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280 
Old Washington Geological Survey collection of 1902. From Lewis 
County in Chehalis hill one-fourth mile southeast of hotel. Hocene. 
Former locality 6. 
281 
Old .Washington Geological Survey collection of 1902 in Lewis 
County on Olequa Creek, one mile up creek from Winlock. Former 
locality 7. 
282 
Old Washington Geological Survey collection of 1902 in Cowlitz 
County twelve miles west of Kelso. Eocene. Former locality 8. 


283 
Old Washington Geological Survey collection of 1902 in Cowlitz 
County twelve miles west of Kelso. Eocene. Former locality 9. 


285 
One mile west of Oakville, Grays Harbor County, in Section 19, 
Township 16 North, Range 4 West. Oligocene. 


288 
From falls on Scantogrese Creek near Castle Rock in S. E. quarter, 
Section 18, Township 9 North, Range 2 West. Eocene. 


289 
Near an old coal prospect in Section 31, Township 10 North, Range 
2 West. Eocene. ; 
290 
Near Pecten locality in Section 24, Township 9 North, Range 2 
West. Eocene. 
‘ 291 
Near Winlock, Lewis County, in Section 28, on Olequa Creek in 
bluff near junction of west branch of Olequa Creek west from millpond. 
Oligocene. 
292 
West branch of Olequa Creek one-half mile above junction of main 
creek. Oligocene. 
293 
North end of big slide on N. P. Railway cut one-half mile north of 
Tenino in Thurston County in Section 17, Township 16 North, Range 
1 West. Oligocene. 
294 
McClarity ranch on south bank of Stillwater Creek one mile west 
of Vader in Section 30, Township 11 North, Range 2 West. Eocene. 


295 
One and one-half miles north of Vader in Lewis County in bed of 
Olequa Creek at milepost 73 on Northern Pacific Railway in Section 
20, Township 11 North, Range 2 West. Eocene. 


ie 
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296 
7 ‘On Booth Ranch two and one-quarter miles up Stillwater Creek 
: from junction with Olequa Creek in Section 24, Township 11 North, 
_ Range 3 West. Eocene. 






297 
On Olequa Creek one-eighth mile north of railway station at Vader 
in Section 29, Township 11 North, Range 2 West. Eocene. 


* 298 
Three-fourths mile west of Vader on Stillwater Creek in Section 
_ 30, Township 11 North, Range 2 West. Eocene. 


9 299 
Rock bluff in N. P. Railway cut 2850 feet south of mile post 76 
and three-fourths mile north of Olequa railway station in Section 4, 
- Township 10 North, Range 2 West. Eocene. 


300 
Banks of Olequa Creek at the old Cantwell place north of Vader 
in Section 20, Township 11 North, Range 2 West. Eocene. 


; 304 : 

The west end of rock island west of Point Glover quarry near en- 
trance to Bremerton Inlet in Section 8, Township 24 North, Range 2 
East. Oligocene. 

305 

At Bean Point south end of Bainbridge Island in Section 14, Town- 

ship 24 North, Range 2 East. Middle Oligocene. 
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